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FOREWORD

In the last years integrated water resources management took the headlines both in
The Netherlands and abroad. Water resources planning and other water related
activities started to reflect the new concept i.e. to seek the solution of hydraulic
engineering problems within the context of the environment, social aspirations and
sustainability considerations next to the explicitly required integration of quantity
and quality aspects of both surface and groundwater and the coordination with
other sectoral plans.

In spite of considerable achievements there is still lack of knowledge concerning
the integration of these elements. The need to conceive an adequate decision

making setup is particularly felt.

The Department of Water Resources of the Wageningen Agricultural University
has therefore decided to concentrate a part of its research efforts on the
development of decision support techniques designed to assist the derivation of
satisfactory compromise solutions in integrated water resources management. In
order to ensure practical relevance, the development of this methodology is linked
with its application to the decision making inherent in the revitalization of the
floodplains of (large) rivers. By focusing on the problem of the sustainable water
resources management of this unique transitional zone between aquatic and
terrestrial ecosystems the Department clearly follows the research mandate of the
Wageningen Agricultural University as formulated in the Strategic Plan of 1992.
While the results of this publication are not yet definitive, the present report,
combining the excellent thesis co-authored by Ir. T. Rosmalen en Ir. L. Stalpers
and the study report by the PhD candidate of Dipl.Ing. I. Zsuffa Jr. can be
regarded as the first applications along the envisaged research line.

However this report does not only document the involvement of the Department of
Water Resources in the ongoing research activities towards the renaturalization of
the floodplains. It is also the proof of a thriving international educational
cooperation within the framework of the TEMPUS Programme of the European



Union. The generous funding of student exchange within the framework of the
Joint European Project Nr. 2150 East-West Cooperation Forum in the Area of
Environment-Water-Agricultural Soils (EWA-Ring) made it possible that students
of the Wageningen Agricultural University could learn and work in Hungary,
visiting the world-famous Gemenc Floodplains of the Danube in Southern Hungary
and using parts of it as case studies.

It is my pleasant duty as Chairman of the Department of Water Resources and
Coordinator of EWA-Ring to express my thanks to our partners at the Technical
University of Budapest and at the ’Pollick Mihaly’ Technical College Baja.
Furthermore my thanks are also extended to colleagues of the Lower Danube
Valley Water Authority Baja as well to the experts of the Hungarian state
authorities on environmental protection and forestry. Their contribution was

essential to ensure the proper integration of ideas.

My particular thanks are due to Prof. Dr. techn. 1. Zsuffa Sr., Chairman of the
Department of Water Resources Management of the TU Budapest for his

enthusiastic support and advice he bestowed upon our students from Wageningen.

The Gemenc Floodplain studies do not constitute an exotic or accidental
application. This university cooperation lies rather in line with the ongoing bilateral
cooperation between Rijkswaterstaat and the Hungarian water resources authorities
OVF and VITUKI. The renaturalization of the floodplains along the Waal, the
Rhine and the Meuse would certainly benefit from the experience gained at the
semi-natural floodplains of Gemenc.

Prof.Dr.-Ing. Janos J. Bogardi
Chairman of the Department of Water Resources

Wageningen, April 1994



Introduction
Summary

REVITALISATION OF THE GEMENC-AREA, BAJA, HUNGARY

Revitalisation of the Gemenc-area
Summary
Acknowledgments

1 Introduction
1.1 Location of the study-area
1.2 Description of the problems and background
of the research

3 Goal of this study

.4 Method of research

5 Organising the report

S

2 Description of the Gemenc-area
Introduction

History of the Gemenc-area
Topography

Geology and soil

Hydreclogy

2.5.1 Regime of the Danube
2.5.2 Precipitation and evaporation
2.5.3 Groundwater

2.6 Ecology

2.6.1 Flora

2.6.2 Fauna

Cultural aspects

Other interests in the area

D
2
2.
2
2
2

A WN R

NN
o ~J

alysis of the hydrological regime of the Danube
1 Introduction
2 Methods and backgrounds
3.2.1 Homogeneity of high waters
3.2.2 Analysis of high water periods
3.3 Results and conclusions
3.3.1 Homogeneity of high waters
3.3.2 Analysis of high water periods
3.3.2.1 Maximum length of floods
3.3.2.2 Sums of lengths of flood periods
3.3.2.3 Numbers of flood periods

3 An
3.
3

.

4 A general proposition to rewet the Keselys-area
4.1 Introduction
4.2 Description of a general proposition to rewet
the Keselys-area

11
11
12

13
13
i3
14
14
ie
17
19
1S
18
20
20
21
21

22
22
22
22
25
27
28
34
35

36

41
41

41



1 Placing of weirs into the "foksa"
2 Connecting the Kis-Holt-Duna and the
Grebec
4.2.3 The intake of Sil water
4.3 Discussion of the proposition
4.3.1 Placing of weirs into the "foks"
4.3.2 Connecting the Kis-Holt-Duna and the
Grebec
4.3.3 The intake of SiA water

4.2,
4.2.

5 Description and application of a model for channel
flow for the Keselys-area
5.1 Introduction
5.2 Description of the model for channel flow
5.2.1 Assumptions and constraints
5.2.2 Initial and boundary conditions
5.3 Applying the "FOK5"-model to the Keselys-area
5.3.1 Assumptions and constraints
5.3.1.1 Lay-out of the system
5.3.1.2 Influence of precipitation and
evaporation
.3 Influence of groundwater
.4 Other assumptions
ng up the model
.1 Lay-out of the sgystem
.2
a
.1
.2

Input data and sources
tions with the "FOKS5"-model
Calculations
Estimation of inaccuracies
5.3.4.2.1 Effect of precipitation
excess
3.4.2.2 Effect of groundwater
3.4.2.3 Effect of the lay-out
5.3.4.2.4 Sengitivity analysis
5.4 Conclusions and recommendations
5.4.1 Conclusions
5.4.1.1 Applications of "FOK5"
5.4.1.2 Hydrological characteristics of
the calculated system
5.4.2 Recommendations
5.4.2.1 Recommendations concerning the
current model
5.4.2.2 Application of the "FOK5"-model
to other systems

1

WWQU'ILHMU'IU'I
wwl—'uwrrww
mwsc wth HrA

5.
5.

6 Elaboration of placing a weir into the
"Nagy-Kis-fok™"
6.1 Introduction
6.2 Description of the "Reservoir Sizing Model”
6.3 Application of the "Reservoir Sizing Model"
to the Kis-Holt-Duna
6.3.1 Input data and sources
6.3.2 Limitations of the model calculations
£.3.3 Results

42

42
42
43
43

44
44

45
45
46
47
47
47
47
48

48
48
49
49
49
49
51
51
51

54
54
55
55
57
57
57

58
59

59

59

60
60

61
62
63
64



6.4

6.5

6.3.3.1 Actual situation
6.3.3.2 Forecast

Designing a weir

6.4.1 "River barrage"

6.4.2 "Valve weir"

6.4.3 "Lockers"

6.4.4 Conclusions and recommendations concerning
the weir

Conclusions and recommendations

7 Conclusions and recommendations

7.1
7.2

7.3
7.4

Introduction

Analysis of the hydrological regime of the
Danube

A general proposition to rewet the Keselylis-area
Application of a simulation model for channel
flow

7.4.1 Conclusions

7.4.2 Recommendations

7.5 Placing a movable weir into the "Nagy-Kis-fok"
7.6 General conclusion and recommendation

References

Appendices

I Location of the Keselyls-area in the Gemenc-area

II Revitalisation-propositions in the Gemenc-area

ITT Geographical map of the Keselyls-area

v Gemenc protected landscape area

v Location of the refuge-centres and the Gdga-area

VI Topographical map of the Keselyls-area

VII Location of the piezometers and borings

VIII Boring in the Keselyls-area

IX Location of the gauging stations

X Monthly precipitation excess for the period
1984-1987

XI.1 Groundwater time series (paralell to Danube)

XI.2 Groundwater time series (perpendicular to Danube)

XII Hydraulic gradient of Danube

XIII The theory ¢f Kolmogorov-Smirnov

XIV  General proposition to rewet the Keselylis-area

Xv Physical backgrounds of the "FOKS5"-model

XVI Surface-height relations for the Kis-Holt-Duna
and the Decsi-Nagy-Holt-Duna

XVII Cross-sections of the "Veranka-Nagy-fok" and
the "Nagy-Kis-fok"

XVIII Longitudinal sections of the "Veranka-Nagy-fok"
and the "Nagy-Kis-fok"

XIX Estimation of the bottom height of the
"Nagy-Malom-£fok"

XX Application of the Moran’s model: Basic
assumptions and relationships

XXI Calculating the volume-height relation for

the Kis-Holt-Duna

64
64
70
70
72
73

74
75

77
77

77
77

78
78
79
80
81

82

83
84
85

87
88
89
20
91
93

94
95
96
97
99
103
104
107
111
130
132
133

135



XXITI Forecast
XXIII visual impression of the Keselylis-area

TOWARDS THE RESTORATION OF THE GYURUSALJ FLOODPLAIN
1 Description of the Gylrisalj floodplain
2 Problem survey

3 The principles of restoration of the Gyurtsalj
floodplain

4 Hydrological simulation of the restoration
alternatives
4.1 Calibration of the simulation model FOK
4.2 The proposed alternatives and their model
layouts
4.2.1 Alternative 1.: the "Side Channel"
4.2.2 Alternative 2.: the "Polder"
4.2.3 Alternative 3.: the "Semi-Poldexr"
4.2.4 Alternative 4.: the "Super Polder"

5 Evaluation of the alternatives
5.1 Water exchange between the B&ta branch and
the Danube
5.2 Reproduction conditions of fish in the Bata
branch
5.3 Humidity status of the Gylrdsalj floodplain
5.4 Investment and maintenance costs

6 Selecting the alternatives according to preferences
of the decision makers

7 Conclusions and recommendations for further
research
7.1 Conclusions and recommendations concerning the
application of the FOK model
7.2 Conclusions and recommendations concerning the
evaluation of alternatives

References
Appendix I.: FOK: A computer model for simulating the

water regime of a floodplain water system
Appendix II.: Input files and results of the alternatives

137
140

145
146

148
151
152
152
155
155
156
159
159
162
162
le4

166
168

170

172

172

172

174

175
187



INTRODUCTION

This publication is the result of two studies made 1in the
framework of TEMPUS (Trans European Mobility Scheme for Univer-
gity Studles) and is adopted by the Council of the European
Communities.

The first study, which is called "Revitalisation of the Gemenc-
area, Baja, Hungary", is made by A.F.M. Rosmalen and L.J. Stal-
pers and is a thesis report for the study "Cultuurtechniek" at
the Agricultural University Wageningen. This thesis study has
been carried out at the Technical University of Budapest, Hungary
and the Technical College "Pollack Mihaly", Institute of Water
Management, Baja, Hungary.

The second study, which is called "Towards the restoration of the
Gyurtisalj floodplain region" is made by Ir. I. Zsuffa Jr. as part
of his PhD-study at the Agricultural University of Wageningen,
The Netherlands.

Both studies concern the same subject: the Gemenc-area. The
Gemenc-area is a floodplain of the Danube near the town of Baja
in the South of Hungary. The water regime of the Danube has a
main influence on the abiotic conditions of this area and
therefore also a very important influence on its ecological
development. Nowadays, the Gemenc 1is exposed to serious
degredations mainly due to changes in the water regime of the
Danube. The most harmful change is the lowering of the water
levels of the river, caused by the regulation works. This process
has resulted in desiccation in the area and degradation of the
forest.

Common goal of both studies is to find methods for restoration of
the water regime on the floodplain for the benefit of the ecosys-
tem.
The framework of these gtudies is the following:
1. to prove the strucural lowering of Danube levels,
2. to make a general proposition to restore the water regime in
the Gemenc-area,
3. to set up and elaborate several alternatives,
4, to evaluate the alternatives according to hydro-ecclogical
criterions.

There is a slight difference in both studies.

In the first study the structural lowering o©of the Danube is
demonstrated. After that a general propostion to rewet the
Northern part Gemenc-area has been made. A hydraulic simulation
model ("FOKS5") has been applied to get a broad insight into the
hydrology of the floodplain. Further, one alternative has been
elaborated in more detail with help of the Regervoir Sizing
Model. This elaboration deals only with one c¢riterion: the



increase of the water levels of the lake systems within the
Northern part of the Gemenc-area. An evaluation of the alter-
natives has not been made.

The second study deals with the setting up, elaboration and
(hydro-ecological) evaluation of several alternatives. The hydro-
ecological evaluation has been made according to three
criterions:

- the increase of the water levels of the lake systems,

- the increase of water exchange,

- more optimal conditions for the fish population.

Finally common conclusions and recommendations have been made.



SUMMARY

Common conclusions for revitalisation of the Gemenc area are
mentioned in this chapter. More detailed conclusions are given in
the two reports seperately.

1. Structural changes in the water regime of the Danube.

The principal problem of the Gemenc area has been caused by
structural changes in the water regime of the Danube. These are
the lowering of the river levels and the acceleration of the
flood wave propagation.

The lowered river levels resulted in dessication of the
floodplain and the accelerated flood propagation has worsened the
reproduction conditions of fish.

2, Restoration of the water regime.

It iz concluded that restoration of the water regime of the
Danube, with help of the existing channel system and new
hydraulic structures, is needed.

3. Planning of the restoration of the Gemenc area.
It is concluded that restoration of the Gemenc area can be done
in the following way.

- Application of hydraulic structures and excavation works are
needed.

- The hydraulic structures (and their different operation
policies}) and excavation works constitute the basis of
gseveral restoration alternatives.

- Simulation of the alternatives with help of an appropriate
hydraulic simulation model (like FOK5 or FOK10)}).

This model can give insight into the consequences of the
restoration alternatives on the water regime of the
floodplain.

- Evaluation of the alternatives with help of known relations
between water regime and ecology.
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REVITATLISATION OF THE GEMENC AREA

This report was made under the auspices of TEMPUS Joint European
Project (JEP) No. 2150-92/2. TEMPUS is the acronym for the Trans-
European Mobility Scheme for University Studies, adopted by the
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- to promote the quality and support the development of the
higher education systems in the countries of Central/Eastern
Europe,

- to encourage their growing interaction with partners in the
European Community, through joint activities and relevant
mobility.

The TEMPUS JEP No. 2150 is the Joint European Project coordinated
by Prof. Dr. Ing. J.J. Bogardi of the Wageningen Agricultural
Univergity. This Joint European Project is an interuniversity
forum for (east-west) cooperation in the area of Environment,
Water and Agricultural Soils (EWA-Ring).

Twan Rosmalen

Loek Stalpers

April 1993

Technical University Budapest, Hungary

Technical College "Pollack Mih&ly" Institute of Water Management,
Baja, Hungary

Agricultural University Wageningen, the Netherlands



SUMMARY

The Gemenc-area is situated in the south of Hungary near the town
of Baja and is a floodplain forest in the wvalley of the Danube.
The hydrology of the Keselylis-area, which is the northern part of
the Gemenc-area, has been dealt with in this study.

Floods of the Danube have (and had) a main influence on the
abiotic conditions of this area and therefore alsc a very impor-
tant influence on its ecological development.

The first objective of this study has been to show that a struc-
tural lowering of the number and length of floods of the Danube
occurred in this century. Using the computer program "Technical
Hydrology", probability functions of lenghts, sums of lengths and
number of flcocods have been constructed for the period 1901 to
1920 and for the period of 1967 to 19%0. These functions show
that lengths, sums of lengths and number of floods have decreased
during this century. As a result of this, the richness and the
chances of development of the ecosystem have been diminished.

The second objective of this study has been to make a general
proposition to increase the water quantity in the Keselylis-area.
Because no quantitative hydrological demands for optimal
ecological conditions are defined vyet, the proposition only
concerns an increase of the water quantities of the lakes in the
area (this means an increase of the water levels of the lakes).
The general proposition encloses three options: the placing of
welrs to capture Danube water during a high water pericd, connec-
ting the Kis-Holt-Duna to the Grebec to establish water flow into
this lake and the intake of Sidé water into the lake system. These
three options can also be combined.

The third objective of this study has been to apply a simulation
model for channel flow to get a broad insight in the surfacial
hydrology of the floodplain lake system related to the Danube.

To study the hydrological behaviour of this 1lake system, a
one-dimensional unsteady surface water flow model ("FOK5'"-model)
has been used to describe the hydrological features of these
channels and lakes. The model calculates water level time series
for the lakes and wvelocity, discharge and water depth time series
for the channels.

From the calculations it can be concluded that the water levels
in the lakes follow very closely the water levels in the Danube
when longer periods (more than several weeks) are regarded. It
can be concluded that resistance to waterflow of the channels is
very little because of very large cross sectional dimensions.

From the estimation of inaccuracies it can be concluded that the
influence of the estimation of the Manning-Strickler coefficient

6



iz of a minor importance.

The influence of precipitation excess seems to be of more impor-
tance, especially for Kis-Holt-Duna (which is situated at a
higher level than the Decsi-Nagy-Holt-Duna) and shows periods of
several months in which neither Danube water is flowing in nor
out. In these periods precipitation excess is an important water
balance factor.

The influence of possible interaction between lakes (channels)
and groundwater remains unclear.

Calculations with the "FOK5"-model have been used to elaborate
the option which concerns the placing of a movable weir in the
"Nagy-Kis-fok". With help of the "Reservoir Sizing Model", which
is incorporated in "Technical Hydrology", probability functions
of the reservoir (Kis-Holt-Duna) being filled at different
volumes have been constructed. Evaporation has been regarded as
the water demand. The main starting point is that calculated
discharges in the actual situation (1967 to 1990) are alsc valid
for a situation in which water is stored in the Kis-Holt-Duna by
means of a movable weir. Also a forecast for 50 years has been
made .

From the calculations with the "Reservoir Sizing Model" it can be
concluded that in the growing season the probability of the
reservoir being totally filled is relatively high. The calculated
probabilities of the reservoir being totally filled in the year
2040 are much lower than in the actual situation.

It is recommended that "lockers" (a type of weir) are used to
increase the water quantity of the lake system. '

In general it can be concluded that rewetting the Keselyls-area
by placing movable weirs in the connecting channels between the
lakes can be a good solution as a first step within a larger
framework of hydrological activities. It is recommended to
collect more hydrological data and study hydrological demands for
an optimal ecological situation. After this a repetition of the
calculations should be made to reduce the effects of different
assumptions made in this study.
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1 INTRODUCTION

1.1 Iocation of the study-area

The Gemenc-area is situated in the south of Hungary, about 190
kilometers south of Budapest, near the town of Baja (40,000
inhabitants) and is a floodplain forest in the wvalley of the
Danube (see fig. 1.1). The area is about 17,800 ha. In this study
the study-area does not concern the total Gemenc-area, but the
northern part of it, which is called Keselylis-area. The Keselylis-
area is limited by the Sié-river in the north, the Danube in the
east, the Veranka-branch in the south and the winterdike in the
wegt (see appendix I). The Keselylis-area is about 3,400 ha.

2 3 O
r———

Fig. 1.1: Location of the Gemenc-area in Hungary in the Danube-
basin [Source: Fruget et al., 1992}

1.2 Degeription of the problems and background of the resgearch

Floods of the Danube have ({and certainly had in the past) a main
influence on the abiotic conditions of this area and therefore
also a very important influence on its ecological development.

It can be shown that a structural lowering of the number and
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length of floods of the Danube has occurred in this century. As a
result of this, the richness and the chances of development of
the ecosystem have been diminished.

River training works have been carried out along the Danube near
the Gemenc-area into the two following stages.

1. River bed regulation. River bed regulations have started in
1804. This means that river bends have been cut. As a result
ofincreasing water velcocities 1local river bed erosion
occurs. This means a local lowering of the river bed bottom
and also a lowering of the minimum, maximum and average
water levels in the Danube [Fruget et al., 1992].

2, Standardization. Standardization works have been carried out
since 1912. In practice it has seemed hard to control the
water velocities in the meandering river. It has been
decided to lead the river into a wmore sinuscoid shape, in
order to get a better control of the water velocities. In
this way more optimal conditions for the economically
important navigation at the Danube have been cobtained. These
standardization works have started slowly, but after a
disastrous ice jamming in 1956 these works were accelerated
and finished in 1965. Rock fills have been placed into the
Danube in such a way that the river bends into the desired
direction [Pers. Comm. Zsuffa Sr., 1993]. These measures
have the same consequences as mentioned at 1.

The river training works have led to an improvement of the
possibilities of navigation on the Danube as well as to a protec-
tion against flocds.

There 1is no doubt that the two advantages mentioned are of
extreme importance for the national economy and for the safety of
the population as well. Now that the river training works have
been completed it is time to pay attention to another main issue
of importance, viz. the protection and development of rare
natural areas. The Gemenc-area is such an area.

It is necessary to take measures so that the Gemenc-area is
rewetted while the advantages for navigation and protection
against floods remain unchanged.

A number of measures has been suggested to revitalise the Gemenc-
area (see appendix II).

1. Revitalisation of old Danube-branches: increase the dis-
charge of o©ld Danube-branches to refresh them and to stop
gilting up. This has been done with the Veranka-branch: rock
fills were placed in such a way that an increase of water
from the Danube into the Veranka-branch has been es-
tablished.

2. Filtration of water into parallel arms of the Danube:
filtration of water through sandy banks along the Danube in
the south of the Gemenc-area.

10




3. Placing of weirs near the lakes to capture more water after
a high water pericd or flocod.

4. Water intake from the Sid-river: periodically intake of
¢lean Sidé water.

The four measures mentioned above have as a common objective to
enlarge the quantity of water in the Gemenc-area. When studying
these measures, the following aspects have to be taken into
consideration:

silting up of lakes, channels and old branches,
throughflow, in order to obtain sufficient refreshing,
dynamics of the hydrological situation,

waterquality aspects.,

W

1.3 Goal of this study

The goal of this study is fourfold.

1. To demonstrate that in this century a structural lowering of
the water levels of the Danube (and therefore a structural
decrease of the numbers and lengths of f£loods) has occurred.

2. To make a general proposition to increase the water quantity
in the Keselyls-area.

3. To apply a simulation model for channel flow to get a broad
insight in the surfacial hydrclogy of the floodplain lake
system related to the Danube (see appendix IIT).

4. To elaborate one proposition for rewetting the Keselyiis-
area.

1.4 Method of research

The first goal of the study (prove the structural decrease of
numbers and lengths of Danube levels) has been achieved with help
of the computer program "Technical Hydrology". This program deals
with statistical analyses of hydrological data.

The second goal has been achieved by insights gained during the
regearch period.

The third gocal has been achieved by means of a computer program,
called "FCOKS5" that deals with channel flow.

The fourth goal, the elaboration of a proposition has been

achieved wusing the "Resgervoir Sizing Model", which is incor-
porated in "Technical Hydrology".

11




1.5 Organising the report

In the second chapter a description of the area has been made.
This description has been subdivided into eight sections. These
sections concern history of the Gemenc-area, topography, geology
and soil, hydrology., ecology, cultural aspects and other
interests in the area.

The third chapter deals with the statistical analysis of time
series data from the Danube and conclusions from this analysis
have been made.

In the fourth chapter a general proposition has been made to
increase the surfacial water storage in the Keselyls-area.

The fifth chapter describes the model for channel flow as well as
the application of this model for the Keselylis-area. Conclusions
concerning this model are mentioned.

In the sixth chapter a part of this general proposition has been
elaborated in more detail. Conclusions have been drawn concerning
this elaboration.

The seventh and last chapter has been reserved for conclusions
and recommendations.

12



2 DESCRIPTION OF THE GEMENC-AREA

2.1 Introduction

The Gemenc-area is a "Protected Landscape Area". This means that
the area has important pedological and ecological wvalues, which
makes it unique within Hungary, and should therefore be
protected.

In the "Gemenc Protected Landscape Area" (GPLA) two zones are
marked down, each with a different degree of protection. The
zones of the first degree, with the most important ecological
features, form the heart of the forest reserve. The zones of the
second degree are used as buffers for protection. These zones of
the second degree are also a forest reserve (see appendix IV).
The GPLA is nowadays on the short-list to become a "National
Park". If the GPLA would become a "Naticnal Park" a more active
policy can be carried out in the Gemenc-area [Pers. Comm. Zsuffa
Sr., 1993].

2.2 Higtory of the Gemenc-~area

Until the end of the 18th century the Gemenc-floodplain is not
occupied by man. The floodplain consists of a large unified area
and serves as a biotope for i.a. breeding birds, deer and wild
boars. In case of a Danube flood the water reaches as far as the
hills in the east, establishing a waterlevel of about 0.2 m., but
animals are still able to find a refuge.

About 1790 people are establishing in the Gemenc-area, especially
on little mounds. Their foodsupply consistg of locally found food
like eggs and fish. Since the occupation has started, life in the
biotope has been disturbed.

After the river bed regularisation of the Danube in the beginning
of the 19%th century, the winterdike has been constructed. Since
more and more people are settling in the area outside the winter-
dike, the area between the Danube and the winterdike becomes the
most important biotope for the animals. In case of a flood,
however, the water now reaches up to the winterdike, establishing
a waterlevel of about 3 m. In this case animals are unable to
find a refuge. Therefore refuges are constructed (see appendix
V). These refuges consist of summerdikes isolating an area. In
cage a flood lasts for more than two weeks, water infiltrates
under the summerdikes into the refuge centres, establishing a
waterlevel in the refuge centres. Therefore also refuge hills are
constructed between the Danube and the winterdike as another
refuge option [Pers. Comm. Zsuffa Sr., 1993].

13



2.3 Topography

In this study only the topography of the Keselyls-area has been
investigated. The topography of this area shows no variation on
macro relief scale.

On meso relief scale however there 1s much more variation, the
heights differ from 84,5 to 91,0 m above zerc-level (the
zerolevel 1is situated 8100 c¢m. above Baltic BSea-level). This
large vertical variation in heights is caused by former beds of
the meandering Danube. This variation is visible in the whole
area, but is most obvious in the north of the Keselyiis-area,
where former river bends of the Danube can be seen.

In the northern part of the Keselyls-area the heights are
slightly larger than those of the southern part. At this location
heights differ from 88,0 to 91,0 m.

The lowest heights can obviously be found near the lakes and old
river branches, situated in the south of the Keselylis-area, where
the heights differ from 84,5 to 88,5m. (see appendix VI).

2.4 Geology and soil

As has been stated before, the Gemenc-area is a floodplain and
was formed by the meandering of the Danube. In times of floods,
the river overflows its banks, depositing alluvium sediments
along the banks [Whitten et al., 1972].

The fluvial forms of the alluvial plain which are still wvisible
today are (see figure 2.1}:

- the old meanders partly connected to the Danube: Grébeci
Duna, Veranka-branch, Vén Duna and Kadar Duna,

- the old meanders with no direct connection with the Danube:
Kis-Holt-Duna and Nyeki Duna,

- the parallel arms of the Danube, sgituated in the south of
the Gemenc-area, caused by an increase of the concave form
of the Danube.

A very clear example of the meandering of the Danube is the

Veranka-branch. Figure 2.2 shows a reconstruction of the

evolution of this branch [Fruget et al., 1992].
Sedimentation has had a main influence on the scil which can be
found today. The soil has been matured by biological influences
of the forest. The maturing of the soils is still continuing.
In the northern part of the Keselylis-area ten borings to a depth
of 10 m. were made to analyse the soil. Also nine piezometers
were installed (piezometer 10 is out of action) (see appendix
VII). From the borings it can be concluded that the sub soil
exigts of fine, greyish sand (with a K-value between 0.5 and 1.2
m./day). On top of this sub soil a layer of loam and silt is
deposited (with a K-value between 0.04 and 11.3 m./day). This
layer varies in thickness from about 1,3 to 5,3 m. (see appendix
VIII) [Zsuffa Sr. et al., 1992].
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Fig. 2.2: Reconstruction of the geomorphological evolution of
the Veranka-branch [Source: Fruget et al., 1992]

2.5 Hydrology

The KeselylUs-area is bounded by the river 8idé in the north, the
Danube in the east and the Veranka-branch in the south. Important
hydrological features in the Keselylis-area are listed in table
2.1 (including some characteristics) and visualised in appendix
ITT.
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Name Length {(m.) Sort
Grebec 6800 old meander
Veranka 14700 0ld meander
i

Decgi-Nagy-Holt- - oxbow lake
Duna
Kis-Holt-Duna - oxbow lake
Forgb-lake - lake "
"Sand-Bank"-lake - lake
"Veranka-Nagy-fok" 824 channel
"Nagy-Kis-fok" 1070 channel

|| "Grebec-Forgd-fok" 1720 channel

ll Keselyls 7820 channel

Table 2.1: fmportant hydrological features in the Keselylis-area
To get a clear picture of the hydrology of the Gemenc-area it is
necessary to look at three important aspects, viz.:

1. regime of the Danube,
As a result of the regime of the Danube, two situations can

OoCCur:
1. channel flow from the Danube to the lakes and old
branches,

2. overland flow (direct inundation) of the floodplain.
2. precipitation and evaporation in the area,
3. groundwatermovement.

In the following paragraphs these three aspects will be treated.

2.5.1 Regime of the Danube

In the section near the town of Baja the Danube has a mean annual
discharge of 2400 mP’sec™? (a mean flood of 5100 m’sec™, a mean low
water flow of 1000 m’sec™, an absolute maximum of 7800 misec™®, an
absolute minimum of 600 m’sec™®) [Fruget et al., 1992]. The yearly
fluctuation of the water is 8 m. High water periods are generally
from April until July, but periods of flood can also occur in
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winter. Danube water levels are measured at the gauging stations
of Baja and Szekszard-Gemenc (see appendix IX). In this study
water level data from Baja are used because of the fact that from
1901 up to now a complete data set of daily levels is available.
It can be seen that in this century (1901-1990) the maximum stage
of 1009 cm. above zero-level was reached in 1956 . The minimum
level was 67 com. and the average level 416 cm. Taking the
measured water levels into consideration it is convenient to make
the following hydrological distinctiont

low water : < 420 cm. above zero-level
medium water : 420 - 700 cm. above zero-level
high water : > 700 c¢m. above zerc-level

When Danube levels are rising above a level of 420 cm., the lakes
in the Keselyls-area are filled with Danube water via an existing
system of channels.

When Danube water levels exceed 700 c¢m. inundation starts. The
borders of the lakes are overtopped and the adjacent lower parts
of the lakes are inundated. At Danube water levels over 900 cm.
waterflow directly across the Danube-bank occurs and the largest
part of the Keselylis-area is inundated.

In case of filling of the southern part of the system, Danube
water is flowing wvia the Veranka-branch to the "fok" (a "fok" is
a channel, see also section 2.7) connecting the Veranka-branch
and the Decsi-Nagy-Holt-Duna. In this way the Decsi-Nagy-Holt-
Duna is filled. Via connections from Decsi-Nagy-Holt-Duna to Kis-
Holt-Duna, and from Kis-Holt-Duna te the "Sand-Bank"-lake these
other two lakes are filled. From the Decsi-Nagy-Holt-Duna a
connection to the Malom-lake and the Hanis-lake in the south
exists.

In the northern part of the area the Forgd-lake is filled wvia the
Grebec and the "Grebec-Forgd-fok".

When Danube water levels exceed 700 cm. inundation starts. The
borders of the lakes are overtopped and the adjacent lower parts
of the lakes are inundated. At Danube water levels over 5900 cm.
waterflow directly across the Danube-bank occurs and the largest
part of the Keselyls-area is inundated.

‘These values represent the water levels at the location of
the Keselylis-area. The water levels at the gauging station of
Baja are about 55 cm. lower (see appendix XII).
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2.5.2 Precipitation and evaporation

In appendix X the average, monthly precipitation excess for the
Keselyls-area 1is shown for the period of 1984-1987. The as-
sumption is made that those four years give a good approximation
for the average actual situation. The data are collected from the
"Yearbook of the Hydrological Service of Hungary" of the four
years respectively.

Precepitation data have been calculated by taking the average
values of the stations Bata and Décsg. The evaporation for the
Kegelylis-area has been assumed to be the evaporation measured at
the gauging station of Pécs (see appendix IX). The collected data
in the "Yearbook of the Hydrological Service of Hungary" have
been corrected to get the open water evaporation. It can be
concluded that the average vyearly precipitation excess has a
negative wvalue.

2.5.3 Groundwater

From 17-05-1992 until 25-10-1992 phreatic groundwater levels were
measured in 9 piezometers with an interval of 6 days. Obviously
these data are neither sufficient to get insight in the yearly
behaviour of the groundwater nor do they contain information
about waterflow in the vertical plane. The available piezometer
data have been collected in appendix XI. In this appendix also
the Danube levels (Baja levels modified for the Keselyilis-area,
gee appendix XII) are shown. Appendix XI.l1l depicts a parallel
gsection along the Danube, appendix XI.2 is perpendicular to the
Danube. From appendix XI.1l it c¢an be concluded that phreatic
groundwater is globally flowing in a southern direction for the
regarded time period and area. From the perpendicular section it
can be concluded that the Danube acts as a drain, the groundwater
flow ig from west to east. Piezometer 7 shows groundwater levels
which are highly influenced by the Danube levels. Thig piezometer
is situated near the bank of the Danube. Piezometers 1, 4, 5 and
6 follow the decreasing trend of the Danube but are not reacting
on fluctuations of the Danube in a shorter period (days to
weeks). This may be caused by the low hydraulic permeability of
the first ten meters in this area.

2.6 Bcology

For centuries, the river Danube has defined the flora and fauna
along its course. The regular floods, which inundated the area,
created an unique vegetation. The Danube is the most important
factor for the Gemenc-ecosystem.
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2.6.1 Flora

In the Gemenc-area the so called "gallery forests" are to be
found. In these forests old natural trees are present as well as
new planted ones.

The traditional trees in the area are oaks, poplars and willows.
Among the planted trees are maples and plane trees. From the
17,800 ha. of the Gemenc-area 15,200 ha. are covered by forest.
Vegetation in the Gemenc-area is dominated by regular floods. An
ecological distinction in heights can be made. The lowest part of
the area, below a level of 86,2 m., is called the "low flood
area". It can be inundated for several months. In this area there
are no trees, only little vegetation.

The area above the level of 88,2 m. is called the "high flood
area", and exists of elevations made by the Danube or made by
man. In this area there is a more varied vegetation than in the
"low flood area™.

In the whole area there are about 250 species of wvegetation. In
between there are very rare gpecieg [Aller et al., 1991].

2.6.2 Fauna

The Gemenc-area is an important area for wild animals, especially
for deer and wild boars. In the days of the ancient regime, the
Gemenc-area has become a favourite hunting place, and a big game
population was desirable. Even nowadays the population of big
game is very large, especially the deer population. It exists of
about 5000 deer while for an area with the size of Gemenc a
population of 1000 would be suitable. As a result of this large
population there is a lot of damage to the young vegetation.
Therefore hunting is necessary to balance the wildlife [Pers.
Comm. Zsuffa 8r., 1993].

In the last ten years over 200 different bird species have been
detected in the Gemenc-area i.a. black storks, aigrettes, gray
and red herons, spoonbills, eagles, falcons, owls, etc. Some of
them are very rare and they need the silent, protected conditions
of this area to survive.

The presence of black storks and sea eagles indicates that the
Gemenc-area is very valuable [Aller et al, 1991]. The spoonbill
vigits this area because of the richness of fish. However, it can
not settle permanently because there is nc large, united water
area. Plans have been made to create such an area at Gdga, in the
north of the Gemenc-area (see appendix V} [Pers. Comm. Zsuffa
Sr., 1993].

The fishlife is also an important aspect of the Gemenc-ecosystem.
Because of the river training works the population has been
diminished since the twenties and thirties of this century.
Nowadays about fifty fish species are living in the area [Aller
et al, 1991].
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2.7 Cultural aspects

In former times fishing was an important way of food supply for
the people near the Gemenc-area. The local, classical method of
catching fish on a large scale was the so called "fok"-fishing
method ("fok" is the Hungarian word for rivermouth}. Before the
rising of the Danube artificial channels ("foks") are made. At
the rising of the river, water will flow into these channels. In
the breeding season, when it is time for the fish to spawn, they
swim upstream of these "foksg". Afterwards the fish can easily be
caught by sifting the rivermouth with fishing nets [Aller et al.,
1991].

2.8 Other interests in the area

The Gemenc-area is an interesting area for having a second house
and for tourism. It may be evident that these activities disturb
the peace and chances of natural development in the area.

Finally it has to be mentioned that the occurrence of wvaluable
wood species has led to the use of the Gemenc-forests for
woodproduction.

To get a visual impression of the Keselylis-area see appendix
XXTIT.
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3 ANALYSIS OF THE HYDROLOGICAT, REGIME OF THE DANUBE

3.1 Introduction

As defined in the goals of this study an analysis of the Danube
levels of this century has been made to prove a decrease of the
number and lengths of flood periods. This has been done by use of
the computer program "Technical Hydrology" (TH).

The TH-computer program is a program for the statistic processing
of hydrological data and is a product of the Technical College
"Pollack Mihdly" Institute of Water Management, Baja, Hungary. In
the beginning of the seventies the idea for this program was
launched and the first Hungarian version (called “"Muszaki
Hydrologiai") was ready in 1975. After several improvements the
first PC-version was presented in 1986 [Aller et., al., 1991].
Nowadays also an English version of the program is available
called "Technical Hydrology". This has been used in this study.

3.2 Methods and backgrounds

The methods applied in "Technical Hydrology" are mainly based on
hydrological statistics and other methods of the theory of
probabilities.

These methods are collected into three groups (considering three
practical areas) as follows:

- computation of high waters,
- water resources estimation,
- regervolir computation.

Commonly used methods on the three mentioned areas are available
also in a separate menu, called "hydrological statistics" (see
fig. 3.1).

In the description of the methods and backgrounds, only the
options that are used in this study are described. These are
"homogeneity of high waters" and T"analysis of high water
periods".

3.2.1 Homogeneity of high waters

The purpose of a test of homogeneity is to check if a series of
data can statistically be described as homogeneous or not.
Homogeneity of a series of data means that these series have the
same distribution function [Reimann, 1989].

In the TH-program the homogeneity of a series of data is checked
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*%% SPECIAL APPLICATIONS **#*
Hydrological Statistics
Time Series Analysis

Data Maintenance

* Computation of HIGH WATERS *
* WATER RESOURCES estimation *
* RESERVOIR computation

Homogeneity of high waters
Prob. distribution of high waters
Analysis of high water periods

Fig. 3.1 Menu of the TH-Model

with the Kolmogorov-Smirnov-Test (for an explanation about the
Kolmogorov-Smirnov-Test see appendix XIII).

The input data for the homogeneity test are shown in fig. 3.2.
The bold printed words are the data or options that can be
changed in the model.

Homogeneity Test -~ Smirnoff - Kolmogoroff Test
Data file (.THD): XXXX water level data

Gauging station : XXXX

Start y.:XXXX Last y.:XXXX

Period: Annual Characteristic: Maximum
Monthly Minimum
Interval Mean

Method: Halving
Stepping XX
Given vear
Combined XX XX

Significance levels: lower limit : XX%
upper limit : XX%

Fig. 3.2 Input data for homogeneity test

In the TH-model four options are incorporated to apply the
Kolmogorov-Smirnov-Test.
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- Halving: a series of data is cut in the middle and the
halves are compared to each other for homogeneity.

- Given year: a series of data is cut at a certain year and
both parts are compared to each other for homogeneity.

- Stepping: a series of data is checked by steps. A step part
(which has to be entered) is checked for homogeneity to the
rest of the sample. After this, one year is added from the
sample to the step part and both samples are checked for
homogeneity again. This will continue until the end of the
series. The year with the worst result for homogeneity is
the result of the test.

- Combined: a series of data is checked for homogeneity by the
stepping method. After this, the first data point of the
series is substracted and the series is checked again by the
stepping method. In this way the largest homogeneous series
at the end of the time series is found.

The first number that has to be entered is the sgame as for
the stepping method, the second number that has to be
entered indicateas the smallest sample from where the cal-
culation has to be stopped.

The vear, from where a series of data is seperated into two
parts is called the cut point.

In the TH-medel also two significance levels have to be entered.
When the probability of homogeneity is lower than the lower
significance level, the series of data are considered to be not
homogeneous. If the probability for homecgeneity is between the
lower and the upper significance level (a so called grey domain),
it is uncertain that the series of data are homogeneocus. If the
probability of homogeneity exceeds the upper significance level,
the series of data are considered to be homogeneocus. In the
THmodel these significance levels are set at 30% (or 0.3} and 70%
(or 0.7), according to J. Bernier (University of Sorbonne,
France) [Pers. Comm. Zsuffa Sr., 1993].

After entering all the needed information the model starts the
homogeneity test. After finishing the computation the results can
be represented numerically or graphically (see fig. 3.3).

The results show the non exceeding probability 1-L{z) (= P). This
is given for the year with the worst result, the so called cut
point.

When the stepping method 1is applied a summary graph is the
graphical result. This shows the non exceeding probability (1-
L{z)) at all cut points for a certain period.
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Homogeneity Test

{Smirnoff - Kolmogoroff two sample test)

Station: XXXX

Processed pericd : XXXX-XXXX
Data type: water level maximum { cm }
Analysed interval : year

Method: stepping the cut point; worst regult is at cut point: XXXX
Results:

Max. difference between the two frequence curves, Dmax= .XXX
The probability indicating the homogeneity, P = XXX
Considering the XX & XX %, ag significance limits, the
homogeneity of the time geries is uncertain.

Fig. 3.3 Numerical results of the homogeneity test

3.2.2 Analvsis of high water periods

"Analysis of high water periods" supplies the possibility to
create probability functions.

With the ‘"crossing method" probability functions can be
constructed. The "crossing method" implies that for each crossing
level the number of observations above this level is counted.
Herewith the probability function is obtained.

These probability functions can be constructed for five different
characteristics:

- maximum lengths of flood periods: analysis of the largest
length of flood periods of each year,

- sume of lengths of flood periods: analysis of the total
length of floed in a vyear,

- maximum values of "flood load": analysis of the maximal
amount of water of a flood,

- numbers of flood pericds: analysis of the numbers of flocods
in a year,

- average numbers of flcod periods: analysis of the average
number of flood periods.

The input data of "analysis of high water periods" are shown in
fig. 3.4.

A computation can be made for one or more crossing levels. These
can be set automatically or optiocnally.
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Analysis of Steochastic Time series (Crossing Method)

Data file (.THD): XXXX Daily water levels

Gauging station : XXXX

Start y.:XXXX Last y.:XXXX Period: first m:XX last m:XX

Extremes: min. : XX cm mean: XXX om max. : XX
Computation for : More levels

One level

Time series parameters : Crossing levels : Automatic
Optional
Maximum lengths of flood periods
Sums of lengths of flood periods
Maximum values of "flood locad"
Numbers of flood periods
Average numbers of flood periods

Fig. 3.4 The input data of the analysis of stochastic time
series

The five possibilities mentioned above concern the given period.
When a flood occurs at the end of a period and finishes in the
beginning of the following period, the model considers this flood
as two separate floods (see fig. 3.5).

After the calculation for each crossing level the results can be
compared to four different types of distribution functions.

- Theoretical distribution function: the results are compared
to the theoretical distribution function. For the "maximum
lengths of floods" this is the Gumbel distribution, for the
"sums of lengths of floods" the Gauss distribution, for the
"maximum values of flood loads" the Gumbel distribution and
for the "numbers of flood periods" the Poisson distribution.

- Empirical distribution function: the results are compared to
the empirical distribution function.

- Dominant distribution function: the results are compared to
the best fitting distribution function. The best fitting
distribution function is applied to the whole series of
data.

- Mixed distribution function: this is the same method as
described for the dominant distribution function, but now
the best fitting distribution function is not applied to the
whole series. In this way it is possible that for one level
an emperical distribution function is used and for another
level a theoretical distribution function.

The results of analysis of high water periods can be represented
numerically or graphically.
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Fig. 3.5 Determination of the number of floods in a year

3.3 Results and conclusions

To analyse the Danube levels of thig century a period at the
beginning of this century is compared to a period at the end of
this century. However, before an analysis of a series of data can
be made, the series have to be tested for homogeneity.

The decision whether a series of data is homogeneocus or not is
rather arbitrary. In this study the following demands are put to
the test for homogeneity.

1. If the probability for homogeneity of series of data exceeds
the significance level of 70% at all cut points, the largest
gseries of data will be used to analyse.

2, If for a cut point of a series of data the probability of
homogeneity is lower than the significance level of 30%, the
gerieg of data can not be used to analyse.

3. Series of data are compared for all common years. The series
with the highest cumulative probability of homogeneity will
be used tc analyse.

In paragraph 3.3.1 the results of the tests for homogeneity are
mentioned and discussed.

Only the floods are analysed in this study, because these are the
main feature, determining the hydrology of the floodplain. The
results of the analysis of floods are mentioned and discussed in
paragraph 3.3.2.
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3.3.1 Homogeneity of high waters

When testing for homogeneity, it is required that there is at
least a sample of 20, so periods of at least 20 years have been
investigated [Pers. Comm. Reimann, 1993].

The stepping method has been applied with steps of 5. This is
algso wvalid for the combined method. The second option for the
combined method is set at 20, so a series of data has at least 20
samples.

First the period of 1901-1990 has been tested for homogeneity of
high waters. Table 3.1 shows the result and the cut point of this
test. Figure 3.6 shows the summary graph.

|| Time period 1-L(z} Cut point "

I 1901 - 1990 0.004 1967 "

Table 3.1 Test for homogeneity of the period 1901-1990

The wvalue of 1-L{z) for the cut point does not exceed the 0.3
significance level, so homogeneity of this period can not be
true. The summary graph shows that the results are alsc poor for
other years. The values hardly exceed the significance level of
0.3 and only a very few exceed the significance level of 0.7. It
can be concluded that homogeneity of the pericd of 1901-1990 can
not be true. This means that the series of data of 1901-199%0 can
not be compared with one distribution graph.

To make an analysis of the Danube levels in this century, it is
necesgary to find two periods at the beginning and at the end of
this century that are homogeneous.

First an analysis of a period at the beginning of this century
has been made. This period is from 1901-1920 until 1501-1930.
Table 3.2 shows the results of this test.

The time period of 1501-1920 shows the best result. The worst
result of this period is found in 1914 with a 1-L(z}-value of
0.425. Because this value exceeds the significance level of 0.3,
it 1is uncertain whether the time period of 19%01-1%20 is
homogeneous. The summary graph however shows good results for the
cther cut

points (see fig 3.7). Three cut points show a 1-L(z)-value
between the significance levels of 0.3 and 0.7 (homogeneity is
uncertain). The other cut pointg all show a result above the
level of 0.7 {(homogeneity is certain). This result can be con-
sidered as satisfying.

Therefore the time period of 1901-1920 will be used for analysing
the high water periods at the beginning of this century.

28




Time period 1-L(z) Cut point
1901 - 1920 0.425 1914
1501 - 1921 0.199 1514
1801 - 1922 0.095 1914
1501 - 1923 0.187 1914
1901 - 19524 0.308 1514
1901 - 1925 0.351 1514 |
1901 - 1926 0.178 1921
1901 - 1927 0.170 1922
1901 - 1928 0.210 1920
1901 - 1929 0.091 1920
I 1901 - 1530 ] 0.103 1914
Table 3.2 Results of the test for homogeneity for periods at the

beginning of this century

Testing a period at the end of this century, the stepping method
and the combined methed have been used.

First the combined method for testing homogeneity has been
applied. This test indicates that the period of 1961-1990 is
totally above the lower level of 0.3 {so homogeneity is uncer-
tain) with the cut point at 1982. There is no series of data
which totally exceeds the gignificance level of 0.7. The summary
graph is shown in fig 3.8.

Next, the periods from 1961-1990 until 1971-1990 have been tested
for homogeneity, using the stepping method.

The results of this test are shown in table 3.3. The periods of
1967-1990 (with a wvalue of 0.675) and 1971-1990 (with a wvalue of
0.660) both show good results. Both cut points are in 1982 and
the probability for homogeneity of these periods exceed the
significance level of 0.3 by far.

For both periods of 1967-1990 and 1971-1990 the summary graphs

are shown in fig. 3.2 and fig. 3.10. The 1-L(z)-values of these
summary graphs are shown in table 3.4.
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1‘ Time period 1-L(z) Cut point
1561 - 1990 0.311 1982
| 1962 - 2990 0.351 1982
Il 1963 - 1890 0.398 1982
1964 - 1990 0.452 1982
1965 - 1990 0.517 1982
1966 - 1990 0.5%91 1582
1267 - 1990 0.675 1982
1968 - 1990 0.410 1973
1969 - 1990 0.605 1973
1970 - 1990 0.593 1982
1971 - 1990 0.660 1982

Table 3.3. Results of the test for homogeneity Lor periods at
the end of this century

30




|| Cut point 1967 - 1990 1971 - 1990
|| 1971 0.726 -
" 1972 0.878 -
1973 0.755 -
1974 0.992 -
1975 0.978 0.952
1976 0.995 0.971 “
1977 0.967 0.953
1978 0.996 0.985
1979 0.984 0.999
1980 0.988 0.988
1981 0.890 0.884
1982 0.675 0.660
1983 0.911 0.882
1984 1.000 1.000
1985 0.928 0.952
cumulative 10.312 10.226
probability for
COmMmoON Years _

Table 3.4 Probability values of 1967-1990 and 1971-1590

Only the cut point of 1982 shows for both periods a result below
the significance level of 0.7. Both periods exceed the =sig-
nificance level of 0.7 at all the other cut points. The
cumulative probability for the common years shows that the series
of 1967-1990 have a slightly better result than the series of
1971-1990. Therefore the period of 1967-1990 is wused for
analysing the high water periods.
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Suirnoff-Kolwogoroff Homogeneity Test
(Sunmary figure)
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Fig 3.6 Summary graph of the period 1901-1390 (stepping method)

Swirnoff-Kolnogoroff Homogeneity Test
(Summary figure)
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Fig 3.7 Summary graph of the period 1901-1920 (stepping method)
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Fig 2.8 Summary graph of the period 1901-1990 {combined method)

Suirnoff-Kolmogoroff Homogeneity Test
(Summary figure)
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Fig 3.9 Summary graph of the period 1967-1990 (stepping method)
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Smirnoff-Koluogoroff Homogeneity Test
(Summary figure)
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Fig 3.10 Summary graph of the period 1971-1990 (stepping method)

3.3.2 Analvysis of high water periods

To prove the diminishing of number and lengths ¢of floods the next
three characteristics have been taken into consideration:

1. maximum length of floods,
2. sums of lengths of flood periods,
3. numbers of flood periods.

Using the crossing method the probability functions have been
constructed for the characteristics mentioned. This has been done
for the period 1901-1920 as well as the period 1967-1990.

The crossing levels in the TH-model are set at 356, 406,456, 506,
556, 606, 656, 706, 756 and 806 cm. This means that the crossing
levels in the Keselyls-area are 400, 450, 500, 550, 600, 650,
700, 750, 800 and 850 cm. (see appendix XII).

The results of the analysis of the "maximum length of floods",
"sums of lengths of flood periods" and the "numbers of flood
periods" are discussed respectively in the paragraphs 3.3.2.1,
3.3.2.2 and 3.3.2.3.
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3.3.2.1 Maximum lenght of floods

The c¢rossing method has been applied to the theoretical
distribution function. In the case of "maximum length of floods"
this is a Gumbel distribution.

For the "maximum length of floods" the analysis has been made for
length of floods of 0, 1, 2, 3, 5, 10, 20, 40, 60 and 100 days.
The result of the analysis of the period of 1901-19%20 is shown in
fig. 3.9, the result of the period of 1967-1990 is shown in fig.
3.10.

At a Keselys 1level of 700 cm. inundation in the Gemenc-area
starts. Therefore it is interesting to look at this level. This
means that in this case the Baja level is 656 cm.

The non exceeding freguency at level 656 cm. of both periods is
listed in table 3.5. It is c¢lear that during this century the non
exceeding frequency has increased. This is valid for all crossing
levels and for all lengths. This means that less floods of less
lengths have occurred in the period of 1867-1990 compared to the
period of 1901-1920.

Length of flood 1901 - 1920 1967 - 1990
0 days 0.140 0.250

1 day 0.155 0.300

2 days 0.165 0.345

3 days 0.180 0.395

5 days 0.215 0.495

10 days 0.300 0.795

20 days 0.465 0.905

40 days 0.740 0.985

60 days 0.890 1.000

100 days 0.975 1.000 ]

e — — e — ——
Table 3.5 Non exceeding frequency for the "maximum length of
floocd periods" (at 656 cm.)

3.3.2.2 Sums of length f floo ri

For the "sums of lengths of flood periods" the analysis has been
made for lengths of flood of 0, 1, 2, 3, 5, 10, 20, 40, 60 and
100 days.
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The theoretical distribution of ‘'"sums of lengths of flood
periods" is a Gauss distribution,

The result of the analysis of the period of 1901-1920 is shown in
fig. 3.13, the result of the period of 1967-1990 is ghown in fig.
3.14.

Lengths cof flood 1901 - 1920 1967 - 1990
0 days 0.060 0.240
1 day 0.065 0.255
2 days 0.070 0.270
3 days 0.075 0.295
5 days 0.080 0.330
10 days 0.105 0.430
20 days 0.195 0.635
40 days 0.405 0.920
60 days 0.665 0.950
100 days 0.960 1.000

Table 3.6: Non exceeding frequency for the "sums of lengths of
flood periods" (at 656 cm.)

The non exceeding frequency at level 656 cm. of both periods is
listed in table 3.6.

The difference between the period of 1901-1920 and the period of
1967-1990 is very obvious. The non exceeding frequency of the
period of 1967-1990 is larger at all lenghte. This is also the
case at the other crossing levels. It can be concluded that the
sums of lengths of floods nowadays are less than those at the
beginning of this century.

3.3.2.3 Numbers of flood periods

The theoretical distribution function of "numbers of flood
periods" is a Poisson digstribution.

For the "numbers of flood periods" an analysis has been made for
0, 2, 4, 6, 8 and 10 floods.

The result of the analysis of the period of 1901-1920 is shown in
fig. 3.15, the result of the period of 1967-1990 is shown in fig.
3.16.

The non exceeding frequency at level 656 cm. of both periods is
listed in table 3.7.
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The non exceeding frequency has increased between the periocds of

1901-1920 and 1967-1990.

floods have occurred,

of the century.

This is wvalid for all numbers of flood
periods and at all crossing levels. This means that nowadays less
compared to the situation at the beginning

r=;:;ber of floods 1901 - 1920 1967
0 floods 0.015 0.195
2 floods 0.205 0.765
4 floods 0.585 0.970
6 floods 0.865 0.995
8 floods 0.970 1.000
10 floods 0.2?5 __1.000 -
Table 3.7: Non exceeding frequency for the "numbers of flood

periods"

(at 656 cm.)
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Maximum lengths of flood periods
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Fig 3.11: Maximum length of floods for the period 1901-1920
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Fig 3.12: Maximum length of floods for the period 1967-1990




Sums of lengths of flood periods
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Fig 3.13: Sum of lengths of flood periods for the period 1901/20
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Fig 3.14: Sums of leéngths of flood periods for the period 1967/30
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Nunbers of flood periods
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Fig 3.15: Number of flood periods for the period 1901-1920
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Fig 3.16: Number of flood periods for the period 1967-1990
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4 A GENERAL PROPOSITION TO REWET THE KESELYUS-AREA

4.1 Intrecduction

As described in section 1.3 the second goal of this study is to
make a general proposition to increase the water quantity in the
Keselyls-area.

It has become clear from the previous sections that the water
quantity flowing into the Gemenc-area has decreased during this
century. From an ecological point of view it is necessary to
rewet the Gemenc-area. In this study the Keselyls-area, the
northern part of the Gemenc-area, is used to look at different
options to rewet this area. If the proposition has a satisfying
result, studies can be made to apply the proposition to the whole
Gemenc-area.

4.2 Description of a general proposition to rewet the Kegelvyilis-
area

In thig section a general proposition is described to rewet the
Keselyls-area. This propogition is a brocad plan only indicating
ways to resolve the problem.

The starting assumptions of the proposition are menticned below.

1. The options to rewet the Kesgelyls-area should fit in in a
"natural" way. This means that they should not be detrimen-
tal to the natural scenery of the Keselyls-area.

This starting assumption i.a. implies that the wuse of
electricity should be avoided [Pers. Comm. Zsuffa 8Sr.,
1993].

2. Implementation of an option may not disturb the Keselyls-
area.

3. The options should be financial manageable [Pers. Comm.
Zesuffa Sr., 1993].

4, The fourth assumption, which is derived from the third, is
that the options may be carried out in phases. In this way
an option can partly be carried out, dependent on the
finances.

Because no quantitative Thydrological demands for optimal
ecological conditions are defined vyet, the proposition only
concerns an increase of the water quantities of the lakes (this
means an increase of the water levels of the lakes).

In the proposition three options can be distinguished (see
appendix XIV).
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1. Placing cof movable weirs in the "foks".

2. Connecting the Kis-Holt-Duna to the Grebec-branch for the
intake of Danube water.

3. Intake of 8id water.

The last two options algo include the placing of movable weirs.
An optimalisation of the number and the location of the weirs has
not been made in this study.

The three options will be described and discussed respectively in
the sections 4.2.1, 4.2.2 and 4.2.3.

4.2.1 Placing of weirs into the "fokg"

In the actwal situation the water levels in the lakes can be
increased by placing movable weirs. During an increase of Danube
levels the weir can be set low, so Danube water can flow into the
lake system in the south of the Keselylis-area and the Forgd-lake.
After a decrease of the Danube levels the weir can be kept high.
In thig way the water can be sgtored in the lakes.

The weirs can be placed into the "Veranka-Nagy-fok", into the
"Nagy-Kig-fok", in the "Kis-"Sand-Bank"-lake-fok" or into the
"Grebec-Forgbd-fok" (see appendix XIV).

4.2.2 Connecting the Kig-Holt-Duna and the Grebec

A connection can be made from the Kis-Holt-Duna to the Grebec-
branch. In this way water can flow from the Grebec to the Kis-
Holt-Duna (see appendix XIV). Natural dips in the area can be
used to make this connection.

The bottom height of the "Nagy-Kis-fok" is at a maximum of 86.29
m. [Technical College "Pollack Mihaly" Institute of Water
Management, 1992)]. When the connection from the Kis-Holt-Duna to
the Grebec¢-branch is constructed below this level of 86.29 m.,
water will flow from the Grebec to the lake at an earlier stage.
This proposition also demands the placing of weirs, to prevent a
water flow back from the Kis-Holt-Duna to the Grebec.

4.2.3 The intake of Sid water

The Danube has old river beds in the Keselylis-area. These river
beds and the Keselyls can be used to supply the lake system in
the south ("Sand-Bank"-lake, Kis-Holt-Duna and Nagy-Decsi-Holt-
Duna) and the lake system in the north (Forgdé-lake, Peti-lake and
Hanis-lake) with S8idé water. In this way water intake from the 8id
can take place during a low water period or a period of drought.
The Sid water can be lead by different ways. The first way is via
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the Keselylis to the "Sand-Bank"-lake, from the "Sand-Bank"-lake
to the Kis-Holt-Duna and from the Kis-Holt-Duna to the Decsi-
Nagy-Holt-Duna. The seccond way is wvia old Danube beds to the
Forgb-lake, from the Forgd-lake to the Hanis-lake and £from the
Hanis-lake to the Peti-lake (see appendix XIV}.

A reservoir has to be made in the north of the Keselyls-area {(the
Goga-area may be a possibility, see section 2.6.2) to guarantee
water supply at times of demand.

If the placing of weirs is not applied to this option the levels
of the lakes can only be as high as the bottom height of the
"fok", connecting one lake to another. In this case the surplus
of water (this means the water above the bottom height of the
"fok") will flow to the next lake.

If the lake levels should be higher than the bottom height of the
"fok", placing of weirs is necessary.

4.3 Discussion of the proposition

The three options which have been mentioned in section 4.2 can
also be combined. This will lead to many new options which only
differ in small detail (e.g. concerning the location and the
number and height of the movable weirs).

The three options achieve an increase of the water quantity in
the Keselylis-area. However no judgement can be made about the
following aspects, which also have to be taken into consideration
when an option is elaborated:

1. the differences in silting up of lakes, "foks" and old
branches,

2. the differences in throughflow, in order to obtain refreshing,

3. the differences in the dynamics of the hydrological situation,

4. the differences in water guality.

Some general remarks are made about the aspects mentioned and
they are discussed in the sections 4.3.1, 4.3.2 and 4.3.3.

In those sections the options are also discussed referring to the
starting assumptions, mentioned in section 4.2.

4.3.1 Placing of weirg into the "foksg"

In the option of placing movable weirs it is possible to set the
weirs low when a peak of the Danube is expected. The lakes will
first be emptied but will be filled again by the expected Danube
peak. In this way the water in the lakes will be refreshed and
g8ilting up may be prevented. Such a situation may especially
occur in spring. No judgment can be given about the chance that
this situation will occur and if the expected Danube peak is
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large enough to f£ill the lakes to the o0ld level again. Also about
the ecological consequences of this option no judgment can be
made.

Placing of weirs may be fitted in in the Keselyls-area in a
natural way. If the movable weirs are tended by man power no
electricity is necessary.

It is possible to implement this option in phases: first one weir
can be applied to a lake and if the results are satisfying, more
weirs may be placed. This option seems financial manageable,

4.3.2 Connecting the XKis-Holt-Duna and the Grebec

The channel connecting the Kis-Holt-Duna and the Grebec must have
a maximum bottom height below a level of 86.29 m. However no
judgment can be given about the bottom height which has the most
optimal result.

This option can not be executed in phases, because a connection
from the Kis-Holt-Duna requires a movable weir. If the natural
dips of the area are used to make the connection it may not have
a big impact on the natural environment. This option seems
financial less feasible than the option discussed in section
4.3.1.

4.3.3 The intake of Sid water

The water quality of the Sid-river is generally higher than the
water quality of the Danube [Pers. Comm. Zsuffa Sr., 1993]. The
advantage of this option is that only water with a high quality
can be used to rewet the area and may therefore be more suitable.
In this case it 1is necessary that the water quality is checked
before an intake of Sid water into the reservoir.

When there is enough Sid6 water in the reservoir, the surplus of
this water can be used to obtain througflow in the lakeg to
obtain refreshing. This may also prevent silting up of the lakes,
"fokg" and old branches.

Because the option of the intake of Sié water is the most expen-
sive it is possible that it can not be fully executed, because of
a lack of finances.

This option can be executed in phases. The option can first be
applied to the 1lake sgystem in the south. If the results are
satisfying, it can be applied to the lake system in the north.
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5 DESCRIPTION AND APPLICATION OF A MODEL FOR CHANNEL FILOW FOR THE
KESELYUS-AREA

5.1 Introduction

To study the hydrological behaviour of the Kis-Holt-Duna, the
Decsi-Nagy-Holt-Duna, the "Sand-Bank"-lake, the Veranka and the
interconnecting channels in the floodplain of the Keselylis-area
{see figure 5.1}, a one dimensional unsteady surface water flow
model has been used to describe the hydrological features of
these channels and lakes.

Key': '
1Water inflow @ Water outflow

tsisecaes equals 1 Kilometer

Fig. 5.1: The lake system
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Constructing and calibrating an appropriate computer simulation
of the system suitable for every possible situation, demands a
lot of (field)data and a very extensive (complex) computer
representation. Because of a lack of both a simple one dimen-
sional unsteady surface water flow model has been applied. Using
the model, however, c¢an give insight in the behaviour of the
system and the kind of effects which can be expected from several
measures.

The surface water flow model is called "FOK5" and is developed by
Istvan Zsuffa of the Agricultural University of Wageningen. The
application of the model for the Keselylis-area has been described
in section 5.3. In section 5.4 conclusions have been drawn. In
the following section a brief description of the model has been
given.

5.2 Description of the model for channel flow

The mathematical hydrological basis of the "FOK5"-model has been
described in appendix XV [Pers. Comm. Zsuffa Jr., 1993].

The "FOKS5"-model describes the water regime of a floodplain lake
system as a function of the river hydrograph. The schematized
lake system consists of lakes and prismatic channels which
connect the lakes to each other or to the river (see figure 5.2).
The model calculates water level time series for the lakes and
velocity, discharge and water depth time series for the channels.

2 sié

Kis-Holt-Duna &
"Sand-Bank"-lake 4

“Nagy-Kis-fok"

Decsi-Nagy-Holt- Duna( >

*Veranka-Nagy-fok™

1 Veranka/Danube

Fig 5.2: Schematized lay-out of the lake system
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5.2.1 Assumptions and constraints

The main assumptions are that the flow in the channels is
gradually variable and there is no water flow in the lakes. A
channel is (independent of its length) idealised by a prismatic
channel with a horizontal bottom, one bottom width and one bkank
slope. Furthermore, the model only deals with surface water flow
and neglects the other water balance factors like evaporation,
precipitation and seepage. The model assumes that the water flow
between the river and the lake system is so little that it does
not influence the river hydrograph.

The constraints of the model are the river, channel and lake bank
elevations. In case of overtopping these banks inundation of the
area starts. The model is not able to describe this (complex)
hydrological situation. As a result of this, calculations for the
Kegelyls-area can only be made for low and medium water periods
ags defined in section 2.5.1.

5.2.2 Initial and boundary conditions

Initial conditions are the lake levels at t=0. The boundary con-
diticons are the values of the discretized river hydrograph over
the considered time period.

5.3 Applving the "FOK5"-model to the Keselwviis-area

In this section the application of the "FOK5"-model for the
Veranka, the Decsi-Nagy-Holt-Duna, the Kis-Holt-Duna {including
the "Sand-Bank"-lake) and the interconnecting channels, is
treated. Because of a lack of calibration data the calculations
have been made for an arbitrary period and serve to show the
working of the model, the dynamics of the system and the sen-
sitivity for uncertain parameters. In chapter 6 model cal-
culationsg are used in a more practical oriented way.

5.3.1 Agsumptions and constraints

In the following, three main assumptions are discussed. The first
agsumption deals with the lay-out of the system, the second deals
with the influence of precipitation and evaporation and the third
assumption deals with the influence of groundwater on the surface
system. These assumpticns cause errors in the calculations. The
magnitude of these errors is hard to estimate as yet. In section
5.3.4.2 {(Estimation of inaccuracies) the effect of the different
agsumptions is discussed in more detail.
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5.3.1.1 TLay-out of the system

Figure 5.1 shows that a connection to the southern part of the
Gemenc-area exists (from Decsi-Nagy-Holt-Duna to the Malom-lake) .
This interconnection 1s not incorporated in the model-cal-
culations because of a lack of data and the assumption that this
southern c¢onnection has no dominant influence on the water
guantities flowing in and out the Decsi-Nagy-Holt-Duna.

5.3.1.2 Influence of precipitation and evaporation

As outlined in section 2.5.2, the vyearly precipitation excess
(precipitation minus evaporation) is negative in an average
situation. Especially in the period June-October negative
precipitation excess occurs. From November until February the
precipitation excess 1is generally positive. With the model
described in the previous section it is not possible to take
precipitation and evaporation into account and is therefore
neglected.

With the collected data in section 2.5.2 it is possible to give a
range within calculated lake water levels can differ from real
levels. The difference is not just the rate of the precipitation
excess of the calculated time period, but is also influenced by
the preceding time period and by the time length of f£illing of
the lake {or the time length o¢f the lake being empty). The
monthly rates of precipitation excess give the maximum difference
between calculated and real levels for that month. Appendix X
shows that thig value is approximately 15 cm. at a maximum.

In section 5.3.4.2.1 the effect of precipitation and evaporation
on the chosen calculation period has been described in more
detail.

5.3.1.3 Influence of groundwater

Also the interaction between lakes (channels} and groundwater may
have a dominant influence on the water levels in the lakes (and
channels). In section 2.5.3 a brief description of the
groundwater behaviour has been given, based on available
piezometer data. It can be concluded that these data do not give
insight in the quantitative interaction between lakes (channels)
and groundwater. Only the expectation that the lakes infiltrate
in a low Danube water period and act ag drains after a (total)
inundation, can be made.

The assumption is made that in low and medium water periods, the
interaction of a lake with the groundwater is of a minor gquan-
titative importance [Pers. Comm. Zsuffa Sr., 19393]. This as-
sumption is based on the following:
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1. the hydraulic conductivity of the first ten meters of the
subsurface of the area is generally low (0.04 - 11,3 m./day,
see section 2.4 and appendix VIII},

2. the bottom of the lakes are sgilted up by,

1. clayey and organic deposits of the Danube {(low water
velocity in the lakes),
2. local organic deposits.

5.3.1.4 Other assumptiong

At last the focllowing assumptions have been made:
1. there is no time lag of waterflow in the channels,

2. the water regime of the Veranka branch is the same as the
regime of the Danube [Pers. Comm. Zsuffa Sr., 1993].

5.3.3 Setting up the model

5.3.3.1 Lav-out of the system

The lay-ocut of the system is schematized in figure 5.2.
The Kis-Holt-Duna and the "Sand-Bank"-lake have been schematized
as one lake because:

1. no data from the connecting fok are available,
2. this connecting fok can hardly be considered as a channel.

The connection from the Kis-Holt-Duna to the S8ibé-river is not
existing. This connection has been incorporated to make it
possible to simulate waterflow from the Sidé-river to the lakes in
the future.

The rivers and lakes have been numbered from 1 to 4. The channels
are defined with the numbers of the adjacent lakes (or rivers).
Pogitive flow is defined from the lower to the higher number.

5.3.3.2 Input data and sources

In this section a survey of model input as well as its sources
have been given.

Input data:
lakes:
geometry: relation surface waterlevel
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Source: data from Kis-Holt-Duna and Decsi-Nagy-Holt-Duna of the
Technical College "Pollack Mihaly" Institute of Water Management,
Baja, Hungary. These data have been completed by ugse of a
topographical map (see appendix VI). The data are collected in
appendix XVI.

channels:
Manning-Strickler coefficient

Source: The Manning roughness coefficient has been estimated by
use of a table containing Manning coefficients for different
types and conditions of open channels [Starosolzky, 1987]. The
Manning coefficient has been set to 0.040 (Manning-Strickler
coefficient: 25).

geometry:

- channel length
- bottom width

and

- slope of channel bank
- channel bottom elevation

Source: data from "Kis-Holt-Duna-fok" and "Decsi-Nagy-Holt-Duna-
fok" of the Technical College "Pollack Mihaly" Institute of Water
Management, Baja, Hungary. Lateral sections as well as cross
sections of these two channels had been drawn. These drawings
have been used to determine the average (prismatic) characteris-
ticse of these channels: bank slope, bottom width and channel
length (see appendix XVII). Also the maximum channel bottom
elevations have been determined (see appendix XVIII}.

boundary conditicns;:

lakes: water levels (starting levels)

Source: The starting levels have been based on the antecedent
hydrological situation before the calculation pericd (1986) by
also calculating the last four months of 1985 (after an overtop-
ping), assuming that the effects of error in the starting levels
after the overtopping in 1985 have been decreased to a minimum
during that year.

rivers: river hydrograph (Danube)

Source: Danube water level data from the gauging station Baja of
the Technical College "Pollack Mihdly" Institute of Water
Management, Baja, Hungary. These data have been corrected for the
Keselyls-area for the average Danube slope between the gauging
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station Szekszard-Gemenc and Baja and the slope of the Veranka-
branch (see appendix XII).

Time period, time interval and starting conditions:

The period January until December of 1986 has been chosen to be
the calculation period. In this period only low and medium water
periods occur so no overtopping of the lake banks occurs.

The time interval of calculation has been set te one hour. This
is convenient because in this case the model calculations are
convergating.

The levels of the lakes at the start of the calculation period
have been determined by also calculating the last four months of
1985. The starting levels for September 1985 have been set equal
to the maximum water level in the lakes (8800 cm. above datum).

5.3.4 Calculationsg with the "FOKS5"-model

Thie section hag been subdivided into two main paragraphs. The
first shows the results of the calculations for 1986, the second
paragraph deals with the inaccuracies of the model. In section
5§.3.4.2.4 (8ensitivity analysis) the effect of estimating the
Manning-Strickler coefficient is dealt with.

5.3.4.1 Calculations

In figures 5.3 and 5.4 the model results have been shown
graphically. Figures 5.3 and 5.4 depict the water levels in the
lakes in 1986 and June 1986 respectively.

In figures 5.5 to 5.7 other output characteristics (concerning
the channels) of the model have been visualized. These are the
discharges, the water velocities and the water depths in the
channels.

5.3.4.2 Estimation of inaccuracies

Without further research it is very difficult to estimate the
quantitative effects of the assumptions on the calculations. In
this section the influence of evaporation and precipitation on
the water levels of the Kis-Holt-Duna in a dry periocd is treated.
Furthermore the possible effects as a result of the assumptions
concerning groundwater and lay-out have been mentioned. In the
last section the gensitivity analysis has been treated.
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5.3.4.2.1 Effect of precipitation excess

It is not possible to make a quantitative evaluation of the
effect of precepitation and evaporation. However it is possible
to get some idea of the quantitative effect of evaporation in a
dry period (when no inflow or outflow occurs) on the lake levels.
The Kis-Holt-Duna has been chosen to illustrate this for the
period July until December 1986. In this period the lake shows no
interaction with the Decsi-Nagy-Holt-Duna. The values of monthly
precipitation excess have been added to the water level at the
end of the month. From this point to the starting point a linear
interpolation has been made. It has been calculated that in the
period July 1 th. until December 31 th. a maximum difference of
25 cm. occurs (see fig. 5.8).

5.3.4.2.2 Effect of groundwater

No data are available which give insight in the guantitative
interaction between lakes (channels) and groundwater sSo no
judgment can be made about inaccuracies.
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§.3.4.2.3 Effect of the lay-out

Because no data are available of the Southern system (Malom-lake)
it is impossible to get insight in the quantitave importance of
this connection. The estimation is that the maximum height of the
fok is about 80 cm. higher than the maximum height of the Decsi-
Nagy-Holt-Duna (see appendix XIX).

For Danube water levels to 8600 cm. (8520 cm. + 80 cm.} the
Southern connection is of no influence.

5.3.4.2.4 Sengitivity analysis

To analyse the influence of the Manning-Strickler (K} coefficient
on the model calculations, a sengitivity analysis has been made.
The Manning-Strickler coefficient is the only parameter which had
to be estimated. Therefore it is the only parameter taken into
consideration in this gensitivity analysis. The analysis has been
made for the period April 1th. to May 30th. 1992 because this
period shows a large variation in calculated water levels of the
lakes. In this period filling as well as emptying of the lakes
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occur,

In figure 5.9 the results of the analysis for the Decsi-
Nagy-Holt-Duna are shown. In the analysis the Manning-Strickler
coefficients have been set to the wvalues listed in table 5.1.
Values within a range of 20-30 m*?/s have been assumed realistic
values for the channels in the Gemenc-area (see section 5.3.3.2}).

K Manning- n= k Manning | remarks

Strickler [s/m*?]

[m'/*/s] {n=1/K}

10 0.1 unrealistic value

20 0.050 realistic value "

25 0.040 value used in model I
calculations

30 0.033 realistic value

40 0.025 unrealistic wvalue

Table 5.1: Manning-Strickler values used in the sensitivity

analysis
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Fig. 5.9: Calculated water levels in Decsi-Nagy-Holt-Duna for
different values of the Manning-Strickler coefficient
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From the figures 5.9 and 5.10 it can be concluded that the dif-
ferences in water levels in the Decsi-Nagy-Holt-Duna, as a result
of different realistic values for the Manning-Strickler coef-
ficient, never exceed a value of approximately 10 cm.

These maximum differences occur in a period of a sudden rise or
fall of Danube levels.

5.4 Conclusions and recommendations

5.4.1 Conclusions

5.4.1.1 Application of "FOKS5S"

The "FOK5"-model is an easy to handle tool to describe the
surface hydrclogy of a flocdplain system. The possibility to
simulate the effects of weirs gives way to search for solutions
to optimize the hydrolegy of a floodplain.
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5.4.1.2 Hydrological characteristics of the calculated system

In the case of the Keselylis-area it has been possible to model
the system to a Danube water level of 8800 cm. (low and medium
water period). At higher levels, inundation of the area starts
and the model is not suitable to describe the processes because
it i1s impossible to define the distinction between lakes and
channels in the area. However a high water period may have an
important influence on the hydroclogy of the system its effects
can not be calculated.

From the calculations made for the low and medium water periods
it can be concluded that the water levels in the lakes follow
very closely the water levels in the Danube when longer periods
(longer than several weeks) are regarded. However the time lag of
a floodwave can not be described by the model (the channels are
relatively short). It can be concluded that resistance to
waterflow of the channels is very little. The cause can be found
in the fact that the channels have very large cross sectional
dimensions.

From the calculations of discharges of the channels in June 1986
it can be concluded that the discharges in the "Veranka-Nagy-fok"
vary from 4 m’/s (inflow into the Decsi-Nagy-Holt-Duna) to -2
m*/s (outflow from the Decsi-Nagy-Holt-Duna). The velocities vary
from 0.3 m/s to -0.15 m/s and the waterdepths from 0.5 m. to 2 m,
The discharges in the "Nagy-Kis-fok" vary from 0.5 m'/s to -0.3
m’/s. The wvelocities vary from 0.2 m/s to -0.1 m/s and the
waterdepths from 0 to 1 m.

From the estimation of inaccuracies it can be concluded that the
influence of the estimation of the Manning-Strickler coefficient
is of a minor importance. For the Decsi-Nagy-Holt-Duna the
maximum difference in calculated water levels (for the period
April 1 th. until May 31 th.) reaches approximately 10 ¢m. This
maximum difference occurs at a sudden rise or fall of the Danube
levels. After a rise or £fall, the levels calculated with the
different K-valuesg, convergate. The maximum difference is wvalid
for a range which can be supposed realistic wvalues for the
Manning-Strickler coefficient in the area.

The influence of precipitation excess seems to be of more impor-
tance, especially for the Kis-Holt-Duna (which is situated at a
higher level than the Decsi-Nagy-Holt-Duna) and shows periods of
several months in which neither Danube water is flowing in nor
out. In these periods precipitation excess is an important water
balance factor (especially if these periods occur from July until
October, when Danube levels are generally low and evaporation is
relatively high}). In the calculated case of July 1th. to December
31 th. in 1986 the difference in calculated water level is 25 cm.
at a maximum.

The influence of possible interaction between lakes (channels)
and groundwater remains unclear.
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5.4.2 Recommendations

5.4.2.1 Recommendations concerning the current model

To calibrate the model for the actual situation it is necessary
to collect field data. This collecting of field data serves two
goals:

1. possibility to check basic assumptions on validity,
2. possibility to compare calculated characteristics with
measured characteristics.

ad 1.

As already mentioned it is necessary to check the interaction of
lakes (channels) and groundwater. It is recommended to study the
groundwaterflow at the location of the lakes. It can be suggested
that also water quality measurements may give insight in the
origin of the water in the lakes.

It is also recommended to check the assumption that the water
levels and water level fluctuation in the Veranka are similar to
those of the Danube. Furthermore the assumption concerning the
neglect of the connection from the Decsi-Nagy-Holt-Duna to the
Malom-lake can best be avoided by incorporating the southern part
of the system in future model calculations. This means that
characteristics of lakes and channels of this southern system
have to be measured.

If the dimensions of the "Kis-"Sand-Bank"-lake-fok" are measured,
it may be possible to model the Kis-Holt-Duna and the "Sand-
Bank"-lake as two seperate lakes.

ad 2.

To calibrate the current model (or a new variant) it is necessary
to collect lake level data of the 1lakes incorporated in the
model, It can also be very helpful to have discharge measurements
of the connecting channels. It may be evident that these data
should cover a range of Danube levels as large as possible.

5.4.2.2 Application of the "FOKG5"-model to other svstems

When applying the "FOK5"-model to other systems it is recommended
to study the behaviour of time lag of floodwaves in long chan-
nels. When channels are relatively short this possible time lag
may not be of importance, but in case of long channels it may be
that the Chezy equation 1is not adequate to describe the
hydrological features of the channel system.

59




6 ELABORATION OF PLACING A WEIR INTO THE "NAGY-KIS-FOK"

6.1 Introduction

In this chapter one of the options mentioned in chapter 4 has
been elaborated. The option which has been elaborated concerns
the placing of a movable weir into the "Nagy-Kis-fok". The first
goal of this elaboration is to study how the storage capacity of
the Kis-Holt-Duna and the "Sand-Bank"-lake can be used by cap-
turing Danube water during high water periods. Also a forecast
for 50 years has been made. This is described in sections 6.2 and
6.3,

The second goal is to make a proposition for a type of weir which
can be used to store a maximum amount of water in the area. This
ig described in section 6.4.

The first goal has been achieved by means of a computer program
called "Reservoir Sizing Model" which is incorporated in the TH-
model.

The second goal has been achieved by comparing weirs which can be
used in the Gemenc-area.

6.2. Degcription of the "Regerveir Sizing Model!

Water management using storage is an adaption of random processes
of water supply. Because of this random character, the
unavoidable shortages in water supply during dry seasons are
covered by stored waters of wet seasongs. A distinction in two
different types of water management (with different types of
storage reservolir operation) can be made:

1. flood control: storage reservoirs exclusively built for
flood control are emptied immediately after the flood has
passed in order to enable them to receive the next flood,

2. optimize water use: 1in reservoirs serving water users the
water surplus in wet periode are retained for dry periods.

While a flood retention reservoir is kept empty most of the time,
those serving water users are kept as full as necessary and
feasible most of the time. Because of these contradicting
operation strategies, a complex mode of operation must be ap-
plied.

In this study the Kis-Holt-Duna and the "Sand-Bank"-lake are
considered as a reservoir which has to meet a certain water
demand i.e. the evaporation. Therefore this reservoir is treated
as the second type of reservoir mentioned above.
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In case of a reservoir which serves water users the release
function of a reservoir is given as K = f£(M) where K gtands for
the storage capacity to be provided and M for the water demand.

Because the stochastic process of water supplies is transformed
by the resgervoir, the function which represents this transfor-
mation can not be deterministic. In fact, in case of the reser-
voir which serves water users, with a capacity K, the problem is
to derive the storage yield function given as

K= £(M,P)

Where P is the probability of meeting water demand M [Zsuffa Sr.
et al., 1987]. A more detailed describtion of the theory and
backgrounds concerning the "Reservoir Sizing Model" is dealt with
in appendix XX.

In the TH-model (see also section 3.2) a possibility to study
reservoirs is incorporated. This part of the model, which is
called "Reservoir Computation" (see fig. 6.1), makes it possible
to compute probability functions to describe the storage process
of a reservoir,

+++ CPECIAL APPLICATIQONS ***
Hydrological Statistics
Time Series Analysis
Data Maintenance

* Computation of HIGH WATERS *
* WATER RESOURCES estimation *
* RESERVOIR computation

Fig. 6.1 Menu of the TH-Model

The main assumptions underlying the "Reservoir Sizing Model" are
(see also appendix XX):

1. inflow water discharges during the successive time intervals
are independent stochastic wvariables,

2. the input discharge into the reservoir within any interval
At precedes water release.

6.3 Application of the "Reservoir Sizing Model" to the Kis-

Holt-Duna

In this section the application and the results of using the
"Regervolr Sizing Model" are discussed. The main gquestion to be

61



answered is whether the storage capacity of the Kis-Holt-Duna
(including the "Sand-Bank"-lake) can be used in an optimal way by
retention of Danube water entering the area during a high water
period. The main starting point is that calculated discharges in
the actual situation are also valid for a situation in which
water is stored in the Kis-Holt-Duna by means of a movable weir.
In these calculations the effect of precipitation and evaporation
are taken into account. The precipitation excess has been
regarded as a water demand.

To meet with the main assumption that inflowing water discharges
during the successive time intervals have to be independent
stochastic variables, the correlation coefficient has to be less
than 0.30 [Pers. Comm. Zsuffa Sr., 1993].

Section 6.3.1 gives a summary of input data and sources. In
section 6.3.2 the limitations of the application of the "Rese-
rvoir Sizing Model" are discussed. Section 6.3.3 deals with the
results for the actual situation and for a possible situation in
50 vyears.

6.3.1 Input data and sources

The input data for the "Reservoir Sizing Model" consist of the
following:

Diecharges

Pogitive (incoming) discharges into the Kis-Holt-Duna during the
period of 1967 to 1990. These discharges are calculated by the
"FOK5"-model (see chapter 5). Because the "Reservoir Sizing
Mcodel" requires monthly data, the data have been converted to
monthly data.

Control codes for calculation

Considering the main assumption that input discharges have to be
independent and that the correlation coefficient has to be less
than 0.30, the smallest possible time unit to take into con-
sideration is 3 months.

The considered time units are:

September, October, November,
December, January, February,
March, April, May,
June, July, August.

B WN

The model transforms input data to unit volumes. Amongst others
the magnitude of the unit volume determines the accuracy of the
model calculations. The unit volume was set to 0.020 Million m’.
It has been calculated that the capacity of the Kis-Holt-Duna
including the "Sand-Bank"-lake is 460.000 m’ (see appendix XXI)
or 23 times the unit volume.

62



Precipitation and evaporation

In the "Reservoir Sizing Model" precipitation excess has been
looked at as a (fixed) water demand.

Precipitation and evaporation data were used from the stations
Péces (evaporation) and Decs and Badta (precipitation) (see also
appendix X and section 2.5.2). The years 1984 to 1987 have been
assumed to give an average idea of the amount of precipitation
and evaporation for the period 1967 to 1990. Following the
subdivision in periods of three months the precipitation excess
has been given for each of these three months (in unit wvolumes).
In case of a period with a positive precipitation excess, the
value for water demand was set teo zerc. Consequently the fol-
lowing unit volumes for "precipitation excess" have been used:

September, October, November 1 unit volume,
December, January, February 0 unit wvolumes,
March, April, May 1 unit wvolume,
June, July, August 5 unit wvolumes.

[ VRN S

6.3.2 Limitationg of the model calculations

Obviously all constraints discussed in cconnection with the ap-
plication of the "FOK5"-model (providing the input discharges of
the reserveoir) also influence the calculations with the "Rese-
rvoir Sizing Model". Furthermore it has to be mentioned that
independently calculating input discharges and the effect of
precipitation and evaporation can not be correct because most of
the time these features are mutually influenced.

It can also be questioned whether the applied precipitation and
evaporation data from 1984 to 1987 give a good approximation for
the calculated period 1967 to 1990. The necessity to neglect
positive precipitation excess (negative demand) leads to an
underrating of the possibility that the reservoir is filled with
a certain volume during a certain time period.

The main assumption that all input discharges can be stored in
the reservoir leads to an overrating ¢of the possibility that the
reservoir is full in a certain time period becauge inflowing
discharges in the reservoir will evidently decrease when more
water is stored in the reservoir.

Finally it has to be mentioned again that in these calculations
no inflow is calculated when Danube levels exceed a Keselyls
level of 8800 cm. This may lead to a serious underrating of the
peossibility that the reservoir is full in a certain time period.
The quantitative influence of these limitations on the model
calculations are difficult to define as yet. However, it is
assumed that the model calculations give a broad indication to
answer the question whether it is possible to use the storage
capacity of the Kis-Holt-Duna with Danube water from high water
periodsg.

63



6.3.3 Results

In this section a survey of the results with the "Reservoir
Sizing Model" has been given. The calculation has not only been
made for the actual situation but alsc for a future situation
{the year 2040). The actual situation is discussed in the fol-
lowing section. The forecast for the year 2040 is discussed in
section 6.3.3.2.

6.3.3.1 Actual gituation

In figures 6.2 to 6.5 the so called "behaviour functions" for the
Kis-Holt-Duna are depicted for the different calculation periods.
The x-axis represents the non exceeding probability P. This is
the probability that a certain water volume (represented by the
y-axis) in the reservoir is not exceeded. Two extreme levels can
be distinguished: the reserveir is totally full or the reservoir
is totally empty.

In table 6.1 the probabilities that the reservoir is totally full
or totally empty are listed.

time period probability that probability that
reservolir is full reservoir is empty

Sept, Oct, Nov 0.17 ‘ 0

Dec, Jan, Feb 0.51 0

March, April, May 0.63 0

June, July, Aug 0.83 0]

Table 6.1: Probabllities for the Kis-Helt-Duna in the
actual situation

It can be concluded that in the growing season (roughly from
March until August} the probabilty of the reservoir being totally
filled is relatively high. Whether this is sufficient to cover
the demands from an ecological point of view remains unclear.
This question is beyond the scope of this study.

6.3.3.2 Forecast

As has been discussed in section 3.3.2 it is clear that water
levels of the Danube have decreased during this century. In this
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gection an extrapolation of this decreasing trend has been made
to construct the "behaviour functions" of the Kis-Holt-Duna for
the year 2040. It must be recognized that a period of fifty years
is probably far too long to make a proper egtimation, because the
assumption that the decreasing trend of Danube water levels will
continue in the future is very uncertain. However, the year 2040
has been chosen arbitrary to make a prediction of the "behaviour
functions" in the future. This has been done by means of linear
extrapolation of the maximum Danube water levels. By constructing
a Q-h relation for the Danube levels and the discharges flowing
into the Kis-Holt-Duna, an estimation has been made of the
average decrease of the inflowing discharges (see appendix XXII).
It has been calculated that the discharges will decrease with a
factor of 0.264.

The discharges of the current situation have been multiplied with
this factor to construct the "behaviour functions" for the
situation in 2040. These are depicted in figures 6.6 to 6.9.

The probabilities whether the Kis-Holt-Duna will be totally full
or empty in the different periods are listed in table 6.2.

time period

probability that
regervolr is full

probability that
reservoir is empty

Sept, Oct, Nov Q 0
Dec, Jan, Feb 0.04 0.02
||March, April, May 0.18 0.01
June, July, Aug 0.25 | 0.03
Table 6.2: Probabilities for the Kis-Holt-Duna im the
year 2040
When table 6.1 (actual situation) is compared to table

(situation in 2040)

it can be concluded that a serious decrease

of the water volume in the Kis-Holt-Duna will take place.
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Fig 6.2: Behaviour function for the actual situation (September,
October, November)
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April, May)
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Fig 6.5: Behaviour function for the actual situation {June,
July, August)
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Reservoir Sizing, RSTP model
“Behavior function"

x (V] {P = prob(X{x|Hzy,K=2)}
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Fig 6.6: Behaviour function for the year 2040 (September,
Octobexr, November)
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Fig 6.7: Behaviour function for the year 2040 (December,
January, February)
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Fig 6.8: Behaviour function for the year 2040 (March, April,

May)
Reservoir Sizing. RSTP model
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Fig €.9: Behaviour function for the year 2040 (June, July,
August)
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6.4 Designing a weilr

In this section a comparison has been made between different
types of welrs which can be applied to the Keselyus-area, to
increase water storage in the Kis-Holt-Duna.

To compare the different weirs, demands are set where the weirs
should compy with:

1. the weir should be movable: in this way it is possible to
capture Danube water during a rise of Danube levels,

2. the weir must be financially manageable,

3. the weir must fit in in the natural environment of the
Keselyls-area and can not be detrimental to the area,

4. installation of the weir may not disturb the KeselylUs-area,

5. the use of electricity should be avoided: this implies that
the weir must be tended by manpower.

In the sections 6.4.1, 6.4.2 and 6.4.3 three different types of
weirs are described and discussed. In section 6.4.4 conclusions
are drawn and a recommendation for a weir has been made.

6.4.1 "River Barrage"

The "river barrage" (see fig. 6.10) 1is a movable weir which
exists of a steel main gate which is hung in a slot. The main
structure of the weir consists of concrete walls. The gate can be
lifted upwards with help of a hoist by manpower. This may be a
disadvantage if this weir is applied to the Keselyls-area. In
this case the weir should be very large as a result of the large
dimensions of the "Nagy-Kis-fok". It can be tended by manpower,
but it will probably take two men to 1lift the gate [Pers. Comm.
Cgoma, 1993].

Another disadvantage is that if the gate is lifted during a high
water period, the steel gate is at a height of about 4 metres.
This, and the construction of a ladder, lamp and service bridge
makes that this weir has a very big impact on the natural
scenery.
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1. fundament plate 11. main gate

2. side wall 12. provisional gate
3. wing wall 13. seal

4. slots of main gate 14. hoist

5. s8lots of provisional gate 15. service bridge
6. stone lining 16. handrail

7. precast limig 17. ladder

8. sheet wall 18. gauge

9. cut off 19, lamp

10. sip-nap
Fig 6.10: The "river barrage" [Source: Department of Hydraulic

Engineering, Technical University of Budapest]

The main gate has to stand a water pressure from both sides of
Therefore it is necessary that a two sided seal is
6.11).

the gate.

constructed to prevent the gate from damage (see fig.
makes the weir very expensive [Pers. Comm. Csoma,
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Fig 6.11: One sided seal [Source: Department of Hydraulic
Engineering, Technical University of Budapest]

The advantage of the "river barrage" is that it is very secure
and that it probably will work adequate.

6.4.2 "Valve Weirxr"

The "valve weir" consists of a wvalve, with water pressure from
both sides (see fig. 6.12). If the water level from "fok"-side
{(and as a result of that the water pressure) increases, the valve
turns, and water flows into the lake.

In case of the "valve weir" the water level in the lake can not
be controlled, because Danube water will always flow in when it
reaches a level higher than the lake level.
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Fig 6.12: The "valve weir"

This type of weir is a very simple solution. It is less expensive
than a "river barrage”™ but more expensive than "lockers" (see
section 6.4.3).

The advantage of a "valve weir" is that it is not necessary to
tend such a weir.

6.4.3 "Lockers"

This is the most simple type of weir. It consists of wooden
planks ("lockers"), which can be placed on top of each other (see
fig. 6.13). When the Danube levels have risen to the highest
level, the lockers can be placed on top of each other, to capture
the water.
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Fig 6.13: "Lockers"

Thig weir can be made from materials that origin from the area.
The weir must be tended manually, however it may be more dif-
ficult than for the two other types of weirs.

The most important advantage of this type of weir however may be
that it is a very cheap solution. It can be used to check whether
the placing of weirs has the desired effect on the area. It is
also possible to apply this type of weir to other locations
without large costs.

A disadvantage of "lockers" is that it is relatively labour-
intensive to control.

6.4.4 Conclugions and recommendations concerning the weir

No judgment can be made whether the weirs can resist the water
pressure. It is recommended that this will be investigated. It
may be possible that an extra channel has to be made next to the
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weir, to transport the water after an inundation.

The "river barrage" seems the less suitable weir for thisgs area.
It is very expensive, has a big impact on the natural scenery and
it is hard to tend manually.

It is recommended that, if weirs are applied to the Keselylis-
area, "lockers" are used. They have the same effect as the other
two types of weirs, are cheap and relative easy to tend manually.
If the result is satisfying, and the storage capacity of the Kis-
Holt-Duna increases, the "lockers" can be replaced by a "valve
weir", which is more easy to tend.

Another advantage of "lockers" is that they can easily be applied
to other locations.

6.5 Conclusions and recommendations

As a result of the rough assumptions (see section 6.3) it is
recommended to repeat the calculations with the "Reservoir Sizing
Model" with more realistic values for the inflowing discharges in
the reservoir. These wvalues can be obtained by incorporating the
behaviour of a movable weir in the "FOK5"-model and repeat the
calculations. Furthermore refined calculations with the "FOKS5"-
model (calibration) are necessary to enlarge the reliability of
the calculations.

Concerning the assumptions about precipitation and evaporation it
is recommended to check if the period 1984-1987 is a represen-
tative period. It would be more accurate to incorporate the
effect of precipitation and evaporation in the "FOKS5"-model. In
this case the use of the "Reservoir Sizing Model" for this kind
of problems may be starting point for further discussion.

From the calculations of the "behaviour functions" it can be
concluded that in the growing season (roughly from March until
August) the probabilty of the reservoir being totally filled is
relatively high. Whether this is sufficient to cover the demands
from an ecological point of view remains unclear. This gquestion
is beyond the scope of this study. It is recommended that demands
to create an optimal hydro-ecological situation are studied and
compared with this kind of results.

When table 6.1 ({(actual situation) is compared with table 6.2
(situation in 2040} it can be concluded that in the future a
serious decrease in water contents of the lake system will take
place. This conclusion is only valid under the assumption that
the linear decrease of Danube 1levels in this century will con-
tinue in the next fifty vyears. It is recommended to study these
assumptions in more detail and to make a forecast for a shorter
period.

Furthermore it has to be said that the defined Q-h relation (see
appendix XXII) is a weak relation. For further research it is
recommended to study the expected Danube levels for the future
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and calculate the effects for different scenarios.

It is recommended that demands to create an optimal hydro-
ecological situation are studied.
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7 CONCLUSTONS AND RECOMMENDATIONS

7.1 Introduction

In this chapter a summary of conclusions which have been drawn in
this study has been given. A subdivision has been made according
to the four main goals of this study. Section 7.2 deals with the
prove that in this century a structural lowering of the water
levels of the Danube occured. Section 7.3 deals with the general
proposition to rewet the Keselylis-area. Section 7.4 treats the
conclusions and recommendations of the application of a
simulation model for channel flow for the Keselyls-area. Section
7.5 deals with the conclusions and recommendations of the
elaborated option to rewet the Keselylis-area. Section 7.6 con-
cerns general conclusions and recommendations.

7.2 Analysis of the hydrological regime of the Danube

In analysis of high water periods it has been proved that the
Danube levels of the period 1967 until 1990 have decreased
compared to the Danube levels of the period 1901 until 1920.

This is indicated by the following features:

1. floods of less lengths have occured in the period of 1967-
1990 compared to the period of 1901-1920,

2. the sums of lengths of floods in the period of 1967-1920 is
less than those of the period of 1901-1520,

3. less floods have occured during the period of 1967-1990
compared to the period of 1901-1920.

7.3 A general proposition to rewet the Keselviis-area

Three options have been made which increase the water quantity in
the Keselyls-area.

1. Placing of movable weirs in the "Veranka-Nagy-fok", the
"Nagy-Kis-fok", the "Kis-"Sand-Bank"-lake-fok" and/or the
"Grebec-Forgd-£fok".

2. Connecting the Kis-Holt-Duna to the Grebec-branch for the
intake of Danube water.

3. The intake of S5idé water into the lake system in the North
(Forgé-lake, Hanis-lake and Peti-lake) and/or the lake
system in the South ("Sand-Bank"-lake, KXis-Holt-Duna and
Decsi-Nagy-Holt-Duna) of the Kesgelylis-area.
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The last two options also include the placing of movable weirs.
The options also can be combined.

It is recommended that the following aspects, concerning the
three options, are studied in more detail:

1. further elaboration of the options and combinations of the
options,

2. the differences between the three options concerning gilting
up of the lakes, "foks" and old branches,

3. the differences between the three options in throughflow, in
order to obtain refreshing,

4. the differences between the three options in the dynamics of
the hydrological situation,

5. the differences between the three options concerning the
water qualities of the Danube and the 8ié.

7.4 Application of a simulation model for channel flow

7.4.1 Conclusions

The "FOK5"-model is an easy to handle tool to describe the
surface hydrology of a floodplain system. The possibility to
simulate the effects of weirs gives way to search for solutions
to optimize the hydrclogy of a floodplain.

In the case of the Keselylis-area it has been possible to model
the system to a Danube water level of 8800 cm. (low and medium
water period). At higher levels, inundation of the area starts
and the model is not suitable to describe the processes because
it is impossible to define the distinction between lakes and
channels in the area. However a high water period may have an
important influence on the hydrology of the system its effects
can not be calculated.

From the calculations made for the low and medium water periods
it can be concluded that the water levels in the lakes follow
very closely the water levels in the Danube when longer periods
{longer than several weeks) are regarded. However the time lag of
a floodwave can not be described by the model (the channels are
relatively short). It can be concluded that resistance to
waterflow of the channels is very little. The cause can ke found
in the fact that the channels have very large cross sectional
dimensions.

From the estimation of inaccuracies it can be concluded that the
influence of the estimation of the Manning-Strickler coefficient
igs of a minor importance. For the Decsi-Nagy-Holt-Duna the
maximum difference in calculated water levels (for the period
April 1 th. until May 31 th.) reaches approximately 10 cm. This
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maximum difference occurs at a sudden rise or fall of the Danube
levels. After a rise or fall, the levels calculated with the
different K-values, convergate. The maximum difference is wvalid
for a range which can be supposed realistic wvalues for the
Manning-Strickler coefficient in the area.

The influence of precipitation excess seems to be of more impor-
tance, especially for the Kis-Holt-Duna (which is situated at a
higher level than the Decsi-Nagy-Holt-Duna) and shows periods of
several months in which neither Danube water is flowing in nor
out. In these periods precipitation excess is an important water
balance factor.

The influence of possible interaction between lakes (channels)
and groundwater remains unclear.

7.4.2 Recommendations

To calibrate the model for the actual situation it is necessary
to collect field data. Collecting field data serves two goals:

1. possibility to check basic assumptions on wvalidity,
2. possibility to compare calculated characteristics with
measured characteristics,

ad 1.

As already mentioned it is necessary to check the interaction of
lakes ({(channels) and groundwater. It is recommended to study the
groundwaterflow at the location of the lakes. It can be suggested
that also water gquality measurementg may give insight in the
origin of the water in the lakes.

It is also recommended to check the assumption that the water
levels and water level fluctuation in the Veranka are similar to
those of the Danube. Furthermore the assumption concerning the
neglect of the connection from the Decsi-Nagy-Holt-Duna to the
Malom-lake can best be avoided by incorporating the southern part
of the system in future model calculations. This means that
characteristics of lakes and channels of this southern sgystem
have to be measured.

If the dimensions of the "Kis-"Sand-Bank"-lake-fok" are measured,
it may be possible to model the Kis-Holt-Duna and the "Sand-
Bank"-lake as two seperate lakes.

ad 2.

To calibrate the current model (or a new variant) it is necessary
to collect lake level data of the lakes incorporated in the
model. It can also be very helpful to have discharge measurements
of the connecting channels. It may be evident that these data
should cover a range of Danube levels as large as possible.

When applying the "FOK5"-model to other systems it is recommended
to study the behavicur of time lag of floodwaves in long chan-
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nels. When channels are relatively short this possible time lag
may not be of importance, but in case of long channels it may be
that the Chezy equation is not adeguate to describe the
hydrological features of the channel system.

7.5 Placing a movable weir into the "Nagy-Kig-fok"

As a result of the rough assumptions it is recommended to repeat
the calculations with the "Reserveoir 8izing Model" with more
realistic values for the inflowing discharges in the reservoir.
These values can be obtained by incorporating the behaviour of a
movable weir in the "FOK5"-model and repeat the calculations.
Furthermore refined calculations with the "FOK5"-model
{(calibration) are necessary to enlarge the reliability of the
calculations.

Concerning the assumptions about precipitation and evaporation it
is recommended to check if the period 1984-1987 is a represen-
tative period. It would be more accurate to incorporate the
effect of precipitation and evaporation in the "FOKS5"-model. In
this case the use of the "Reservoir Sizing Model" may be starting
point for further discussion.

From the calculations of the "behaviour functions" it c¢an be
concluded that in the growing season (roughly from March until
August) the probabilty of the reservoir being totally filled is
relatively high. Whether this is sufficient toc cover the demands
from an ecological point of view remains unclear. It is recom-
mended that demands to create an optimal hydrec-ecological
situation are studied.

It can be concluded that in the year 2040 a serious decrease in
water quantity of the Kis-Holt-Duna will take place. It is recom-
mended that the assumptions concerning the extrapolation of the
decreasing trend of the Danube are studied in more detail. It may
be more realistic to make a forecast for a shorter peried.
Furthermore it has to be said that the defined Q-h relation is
not an unambigous relation. For further research it is recom-
mended to study the expected Danube levels for the future and
calculate the effects for different scenarios.

It is recommended that, if weirs are applied to the Keselyls-
area, "lockers" are used. They have the same effect as a "river
barrage" and a "valve weir" and are cheap.

If the result is satisfying, and the gtorage capacity of the Kig-
Holt-Duna increases, the "lockers" can be replaced by a "valve
weir", which is more easy to tend.
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7.6 General conclusicon and recommendation

In general it can be concluded that rewetting the Keselylsz-area
by placing movable weirs into the connecting channels between the
lakes can be a good soclution as a first step within a larger
framework of hydrological activities. It 1is recommended to
collect more hydrological data and study ecological demands.
After this a repetition of the calculations should be made to
reduce the effects of different assumptions.
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Appendix: i1 Title: REVITALISATIQN~PROPOSITIONS IN THE GEMENC-AREA
5cale: | — eguals 10 Kilometre
Key:

1. Revitalisation of old branches

2. Filtration of water in old Danube-branches

3. Placing of weirs .

4, Water intake fraom the Sié-riyer
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Appendixitv | Title: GEMENC PROTECTED LANDSCAPE AREA
Scale: | — equals 10 kilometre
Key:

. Protection zone of first degree

F>
%ﬁ Protection zone of second degree
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Key:
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APPENDIX XII HYDRAULIC GRADIENT QOF THE DANUBE

The Danube levels which are used in this study have been measured
at the gauging station of Baja. Because the Keselyls-area is
situated north of this gauging station, a correction has been
made for the Keselylis-area.

First a correction has been made to the mouth of the Veranka into
the DPanube which is situated most upstream. This point is
gituated at river kilometer 1488 (see appendix IX).

Tc compute the hydraulic gradient of the Danube between the
gauging stations of Szekszird-Gemenc (82.52 wm. above datum at
river kilometer 1496.0) and Baja (81.00 m. above datum at river
kilometer 1478.8) (see appendix IX) daily water levels of the
Danube of both gauging stations have been compared. This has been
done for a low water period of 09-11 until 19-11 of 1987 (see
table XII.1).

1

Date Szekgzérd- Baja Hydraulic “
Gemenc gradient

09-11-1987 8379 8298 4.68 "
10-11-1987 8370 8292 4.51 “
11-11-1987 8367 8286 4.68
12-11-1987 8365 8279 4.97

II 13-11-1987 8362 8274 5.09

|| 14-11-1987 8360 8274 4.97
15-11-1987 8369 8281 5.08
16-11-1987 8372 8284 5.08
17-11-1987 8370 8282 5.09
18-11-1987 8372 8288 4.86 i
19-11-1987 8377 8296 4.68
Average 4,83
hydraulic
gradient

Table XII.1l: Hydraulic gradient {09-11-1987 until 19-11-1987)

The hydraulic difference between the gauging station of Baja and
the most upstream river mouth of the Veranka into the Danube is
therefore (1488.0-1478.8) * 4.83 = 44,44 c¢m. This has been
rounded to 44 cm.
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The next correction has been made for the location where the
"Veranka-Nagy-fok" flows into the Veranka.

The total head loss is 22 cm. From this loss 10 cm. is con-
centrated around a bank (spillway) upstream the Veranka-branch
[Aller et al., 1991]. The total length of the Veranka is 14.7 km.
The hydraulic gradient in the Veranka is therefore (22-10)/14.7 =
0.82 c¢cm./km. The "Veranka-Nagy-fok" is @sgituated 3.4 km.
downstream of the beginning of the Veranka. The hydraulic dif-
ference between the beginning of the "Veranka-Nagy-fok" and the
mouth of the Veranka into the Danube (including the 10 cm.
spillway) is therefore (3.4 * 0.82) + 10 = 12.79 cm. (this has
been rounded to 13 cm.)

The total head loss between the gauging station of Baja and the
beginning of the "Veranka-Nagy-fok" is 44 - 13 = 31 cm.
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APPENDIX XTII: THE THEORY OF KOLMOGOROV-SMIRNOV
XITI.1l Intrcoduction

The Kolmogorov-Smirnov test can be used for testing homogeneity
of a series of data. This test can be used to test whether the
null hypothesis {a series of data is homogeneous) has to be
rejected or not.

The Kolmogorov-Smirnov test can also be used for testing the
goodness of fit. In this case the test is applied to check the
null hypothesis (two distribution functions are equal) has to be
rejected or not.

The theory of Kolmogorov-Smirnov is based on the theory of
Glivenko. So first the theory of Glivenko will be discussed here
and after that the theory of Kolmogorov-Smirnov.

XITII.2 The theory of Glivenko

Suppose there is a sample X,, X,,...,X, of a random variable X. In
the practice of hydrology the distribution function F(x} of a
random variable X is mostly unknown. However, a rather good ap-
proach of the distribution function F(x) can be found by using
the following method (if the number of sample elements is high
enough [Oral announcement Reimann, 13993]).

First the sample elements are ordered into a sequence of
increasing magnitude:

X', <« X', <...<X".

A step function F,(x) can be defined in the following way (see
Fig. XIII.1):

0 if x £ X'
F.(x) = k/n if X' < x s X',
1 if x > X',.
XN |
1+ —
i
. r
—)
—— ]|
r-.-l
T T 1 T T &
XyXz X3 Xa X

Figure XIII.1l: Step function [Source: Reimann, 1989]
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The function F,(x) is called an emperical distribution function.
The emperical distribution function has all properties of a
distribution function:

- the values fall in the range between 0 and 1,

- it‘’s monotonically non-decreasing,

- it’s continuous from the left.

At all abscissa points X'; (i=1, 2,...n) F_ (x) has a jump upwards
by 1/n. So at a certain point x, the value of F,(x) is so many
times 1/n as many sample elements lower than x can be found. In
other words the wvalue of F,(x) at a point x is equal to the
relative frequency of the event {X<x}. The probability of the
same event is P{X<x) = Fix).

The frequency has a binomial distribution whose parameters are

the number of observations n, and the probability of the event
F(x). It can be proved that:

PIF,(x)=X] =( n) [F(x) ] ¥(1-F(x)]™*
n x

and:
E[F,(x)] = F(x)

and:

D[Fn(x)]=¢ Pl [12F(x)]

The question is which approximate difference can be expected
between the emperical distribution function F,(x) and the
theoretical distribution function F(x), with a fixed n.

According to the Chebysev inequality:

PL|F,(x) -F(x) |<a.\] Flx) [L-F(x)] gy (-1,
n A2

Since F(x) [1-F(x)] s %, the absolute value of difference for any
X will be in the order of magnitude n*. So with an increasing n,
the difference will converge to zerc. This fact is expressed by
the theory of Glivenko: if n is increasing, the emperical
distribution function converges uniformely on the whole real line
to the theoretical distribution function (Fig. XIII.2).
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L Falx)

A,

_Xy .

i[ LRI t i L] X

Figure XIII.2: Theoretical distribution function
[Source: Reimann, 1989]

So if:
D,=max |F,(x) -F(x) |

ol X on

then:
P(limD =0) =1

I1=o

D, represents the maximum difference between the emperical
distribution function and the theoretical cumulative distribution
function.

XI11.3 The theory of Kolmogorov-Smirnov

Glivenko has proved that the emperical distribution function will
converge to the theoretical cumulative distribution function if n
tends to infinity. Kolmogorov has investigated what large ab-
solute difference can be expected between the emperical and
theoretical distribution function (i.e. how fast this convergence
will be).

As has been shown already, the order of magnitude of D, is ap-
proximately n™*. Kolmogorov has proved that the random variable
Dg/n fluctuates around a bounded value. He has obtained the
following expression for the distribution of this random
variable:

w0

1imP{ynD<z) =Y, (-1)lexp2¥'#=K(z)

- i=-0o

Smirncv has invested the one-sided deviations. He has found:

+_

Dp=max [F,(x}-F(x)]

101



Dp=max [F(x) -F,(x) ]

Following:

1limP(ynD.<z) =1imP{ynD;<z) =1-exp22"=5(z)

n-= Do

In case of a test of homogenity the serie of data is cut into two
parts (not necessarily two equal parts). For both samples an
emperical distribution function is constructed. D, represents the
maximum difference between the two emperical distribution
functions. The null hypothesis is in this case: the series of
data is homogeneocus.

In case of a fitting test the emperical distribution function is
compared with a theoretical distribution function. D, represents
the maximum difference between the emperical distribution
function and the theoretical distribution function. The null
hypothesis is in this case: the emperical distribution function
and the theoretical distribution function are identical.

If the observed value of D, attains or summounts the value given
in a table the hypothesis can be rejected.(See table XIII.1)
[Reimann, 1989].

n 0.95 099 n” 0.95 0.99
a 0.4543 0.5419 21 0.2827 0.3443
9 0.4300 0.5133 22 0.2809 0.3367
10 0.4093 0.4889 - 23 0.2749 0.3295
1 0.3912 0.4677 24 0.2693 0.3229
12 0.3754 0.4491 25 0.2640 (3166
13 0.3614 0.4325 26 0.2591 0.3106
14 0.3489 0.4176 27 0.2544 0.3030
15 0.3376 0.4042 28 0.2499 0.2997
29 0.2457 0.2947
16 0.3273 0.3920 30 0.2417 0.2899
17 0.3180 0.3809 35 0.2243 0.2690
18 0.3094 0.3706 40 0.2101 0.2521
19 0.3014 (3612 45 0.1984 0.2380
20 0.2941 0.3524 50 0.1884 0.2260

Table XIII.1: Kolmogorov one-sample test for two-sgsided
alternative hypothesis [Source: Reimann, 1989)
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APPENDIX XV. PHYSTICAT, BACKGROUNDS OF THE "FCKS"-MODEIL

XV.1 The governing equations

The continuity equation for a lake:
k
dv=A4,(z(t) )dz=2 0.;dt
i=1
dz _w
A, (z(£)) 'E'Ezi; O.i

Where:

dv : change of the water volume in lake
A, : surface area of the lake

z : water level elevation in the lake
Q.;: discharge of the i. channel entering the lake
k : the number of channels entering the lake

XV.2 Digcharge equation for a channel

The water flow in a channel can be described by the dynamic de
Saint Venant equation:

1,08v, dv, Jdz, k6 v® _
oot Vax Taxor °

Because of the assumption that the flow wvaries gradually, the
first two inertia terms can be neglected:

21- Qz =
dx A2(C2?R
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The Chézy equation is the result:
2
O=kAR 3,/8=K/S
Where K=1/n is the Manning-Strickler coefficient.

XV.3 Discharge equation for a weir

The model considers broad crested weirs. The water can flow over
a weir in two ways: free overflow and submerged flow. The dis-
charge equation for free overflow follows:

Q; = cb (z, - z,)3/?
if
zg - 2,<2/3 (z, - z,)
For submerged flow the discharge equation equals:

Q. =2.5907 xcb (z; - z,) Jz, - 2,4

u

if
Z24-2,22/3 (z, - z,)
Where:
Zz,: upstream water level
Zg: downstream water level
z,: Welr crest elevation
b: weir width
c discharge coefficient.
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XV.4 Numerical formulation

After integration of the continuity equation from t, to t,,,:

tﬂ"’.‘. tﬂ"’l

dz = 1
[ Eac= | (3 Qesy-)dt
tﬂ tﬂ

Analytical integration of the 1left hand side and numerical
integration of the right hand side:

22"

1

k
1 n i . n
z™~z%+Y = [K(z", zf) sign(zf-z7) ———+
lz; 2 : 1; : A;(Z7)
n+l _ n+1]
zM-z . . 1
+K(z041, z2 “—szgn(z’? fogmly = JAE
N 1 ’ A (z7)

Where:

1* : the length of the channel num. i.

z! : The level of the lake which is connected to the
subjected lake by the channel num. i. (this can be the
river itself).

Similar equations can be set up for each of the lakes in the
system. The solution of such an equation is done by iteration.
The steps of the iteration are the followings:

1. z™'=2” in the right side of the equation
2. solving the equation which results: z",
3

if |z™ - z™' | < € for each lake, the iteration is
stopped, else z™'=z™!, and go back to point 2.

[Pers. Comm. Zsuffa Jr., 1993]
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SURFACE-HEIGHT RELATIONS FOR THE KIS-HOLT-DUNA AND THE
DECSI-NAGY-HOLT-DUNA

XVl
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Cross-sections of the "Veranka-Nagy-fok" and the

"Nagy-Kis-fok"

Appendix XVII
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KIS DECSI-NAGY DECSI FOK
3. sz. keresztszelvény — cross section
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KIS DECSI-NAGY DECSI FOK
4. sz. keresztszelvény — cross section
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KIS DECSI—NAGY DECSI FOK
6. sz. keresztszelvény — cross section
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12. sz. keresztszelvény — cross section
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"VERANKA -NAGY -FOK"

LONGITUDINAL SECTIONS OF THE
"NAGY-KIS-FOK"

AND THE
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APPENDIX XTX: ESTIMATION OF THE BOTTOM HEIGHT QF THE "NAGY-MALOM
FOK"

No data about the "fok" that leads from the Decsi-Nagy-Holt-Duna
to the Malom-lake ("Nagy-Malom-fok") are available. During a
field trip an estimation of the bottom height of this "fok" has
been made.

At the time of the surveying the Decsi-Nagy-Holt-Duna was frozen.
A number of measurements has been made at the end of the
"Veranka-Nagy-fok", indicating that the depth was about 0.5 m.
below the ice surface. The bottom height of the "Nagy-Malom-fok"
was about 0.3 m. above the ice surface of the Decsi-Nagy-Holt-
Duna.

The ice surface has been considered to be horizontal. The bottom
height of the "Veranka-Nagy-fok" near the lake is at a height of
85.20 m. Therefore it can be concluded that the bottom height of
the "Nagy-Malom-fok" is at a level of about 86.00 m. (see fig.
XI1X.1.)

Because the measurements have been made roughly, no exact height
can be computed, but the calculated bottom height of the "Nagy-
Malom-fok" gives an indication of the bottom height.

Av] 86.00 .

0.3 m. "Nagy-Malom-fok"

"Veranka~Nagy-fok~ | 0.5 m.

P, ,"

Zé%%?ﬁ“

Fig. XIX.1l: Reconstruction of the bottom height of the "Nagy-
Malom"-fok
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APPENDIX XX: APPLICATION OF THE MORAN'S MODEL: BASIC ASSUMPTIONS
AND RELATIONSHIPS

The input discharges I(t) which enter the reservoir continuously
in time are analyzed by discrete series of time interval At. The
probability distribution of water supply volumes I (At} entering
during At is estimated by the frequency distribution R(x) derived
from observed data. In order to avoid the fit of probability
distribution functions, the frequency distribution R(x}) is used
instead. In summary, the stationary probability distribution F(x)
of input discharges of time interval At=1 year is approximated by

4]

R(x) = r(Isx} = F(x) = p(Isx) (XX.1)

while the nonstationary distributions F{x,T) of monthly input
discharges, or for time intervals a fraction of the year, with T
the sequential number of these intervals within the vyear, is
approximated by

R(x) = r[I{T)<x] = F{x,T) = plI(T)<x] (XX.2)

The following assumptions are made on input and output dischar-
ges:

Assumption 1
Inflow water discharges during the successive time intervals
8-1,8,8+1 are independent stochastic variables, defined by

p(I(sAt) = i|I(s-1)At = F) = p(I(sAt) i) (XX.3}

Assumption 2
The input discharge into the reservoir within any interval deltat

precedes water release.

Under these assumptions the stored water £(t) in the reservoir at
the end of the s-th time interval is given by

E(sAt) =max[min[E(s-1)At + I(sAt),K]-M,0] {xx.4)

In eguation XX.4 the term

min[€(s-1)At+I(sAt) K] = §*(sAt) (XX.5)
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implies that at the end of the filling period, figuratively by
the end of ’'spring’ in the case of a year, the reservoir impounds
either the stored volume at the end of previous vyear §[(s-1) at]
plus the inflow volume I({s At) during the s-th year, or the
reservolir is full. ‘

The external term of equation XX.4

max [£* (sAt)-M, )] = E(sAt) (XX.6)

tells that either the reservoir storage is reduced by the volume
M released to meet the water demand during the depletion period,
or the reservoir is empty.

The overflow W in the s-th time interval from a reservoir 1is
described by: '

W(sAt) =max[I(sAt) - K, [(5-1)At],0] =
max[(I(sAt)-(K-E{(s-1)At]l),0] (XX.7)

with:
K = reservolr capacity
K = free storage capacity

e

The water shortage is described by

Sy =min[minfg{t-1) + 1(£),K]-M,0] (Xx.8)

[Zsuffa Sr. et al., 1987]
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APPENDIX XXT: CATLCULATING THE VOLUME-HEIGHT RELATION FOR THE
KIS-HOLT DUNA

To determine the capacity of the Kis-Holt-Duna

(including the

"Sand-Bank-lake") the known surface-height relation has been used
Table XXI.1 shows the
measured surfaces and calculated volumes for each water level in

to calculate the volume-height relation.

the lake.
water level surface (m2 * 1000) | volume (m® " %% |
8275 0 0.045
“ 8300 0.36 0.105
"8325 0.48 0.81
8350 6 2.25 j,
||8375 i2 3.15 ”
{l 8400 13.2 3.45
" 8425 14.4 3.9 |
8450 16.8 4.5
I|8475 19.2 5.1
8500 21.6 5.7
8525 24 6.75
8550 30 8.25
8575 36 10.85 .
" 8600 51.6 14.85
||8625 67.2 18.45
8650 80.4 21.75
8675 93.6 25.2
8700 108 29.4
8725 127.2 42.3
8750 211.2 63.3
8775 295.2 84.3
8800 379.2 105.6
sum 460110

Bank"-lake

135

ﬁfaEIe XXI.1l: Calculated volume of the Kis-Holt-Euna and "Sand-




The capacity of the reservoir is 460.110 m*
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APPENDIX XXTT: FORECAST

To make a forecast of the behaviour of the Kis-Holt-Duna as a
"regservoir" in 50 years {in 2040), the decrease of the mean
maximum Danube level of the past 90 years has been linear
extrapolated.

The mean maximum in 1901 is 795 cm. above datum and the mean
maximum in 1990 is 718 cm. above datum. This means that the
average decrease of the mean maximum Danube level is (795 -
718) /90 = 0.856 cm./year (see fig. XXII.1l).

S ] P o R g ey H - 3
£y ¥ ii F IV R LR P Cata ;‘—q.:b.-tm__“,_“:_gm

1oo T T K 100

T T T T T T T ey T T T e [ T T T T e T T T Ty T T T T T T [T T T T Ty
1910 192 193d 1944 195 196d 1970 i9ag 1990

Fig. XXII.1: Average Danube levels from 1901-1990 [Source:
Fruget et al., 1992]
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After a linear extrapolation the mean maximum Danube level in
2040 will be 50 * 0.856 = 42.800 cm. lower (this has been rounded

to 43 cm.}.

In the Q-h relation for the Danube levels and the discharges in
the "Nagy-Kis-fok" a multipliar has been calculated. Because the
0-h relation does not show one obvious realation, two Q-h
relations have been drawn (see fig XXII.2).

From these two Q-h relations a multipliar has been derived for
both gituations. These are 1listed in the tables XXII.1 and
XXIT.2.

Because the average multipliar of both situations is almost the
same, therefore the average multipliar of both situations (0.264)
has been used in the calculations for the situation of 2040.

Danube Danube Discharge Discharge Multipliar
level 1990 level 2040 1990 2040

{(cm. ) (cm.) {m*/sec) (m®/sec)

8798 8755 2.00 0.57 | o0.285

8711 8668 g.22 0.05 0.227
average 0.256
multipliar

Table XXII.1: Derivation of the multipliar for situation A

Danube Danube Discharge Discharge Multipliar
level 1930 level 2040 1950 2040

(cem. ) (em.} (m’/sec) (m?*/sec)

8733 8690 2.40 Q.77 0.385

8693 8650 0.82 0.13 0.15¢%
average 0.272
multipliar :

Table XX11.2: Derivation of the multipliar for situation B
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XXIIT : Visual impression of the Keselyls-area

Photo 1: Forgd-lake

Photo 2: Kig-Holt-Duna
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Photo 3: Kis-"Sand-Bank"-lake fok

Photo 4: Nagy-Kis-fok . 141



Photo 5: Veranka-Nagy-fok by sunset

Photo 6: The mouth of the Veranka-Nagy fok
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Photo 7: Forgb-Grebec fok

Photo 8: A family wild boars
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Photo 9: 01d Danube meander

Photo 10 : Deer



Towards the Restoration of the Gyurlsalj
Floodplain

Ir. Istvédn Zsuffa

Agricultural University Wageningen, the Netherlands
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1 DESCRIPTION OF THE GYURUSALJ FLOODPLAIN

GylUrlsalj is a sub-region of the Gemenc forest, a Danube riparian
floodplain in the South of Hungary. The area of the Gemenc is
about 17 800 ha where 2000 ha is the GyUrisalj.

Gyurlisalj is situated in the Southern part of the Gemenc on the
right bank of the Danube. It is delimited by the main channel,
the Bata branch and two connecting channels. The Bata branch is
a former meander of the Danube, cut off artificially in the last
century. Now, it is an oxbow lake. The length of the branch is
about 7 km and the mean width of it is 80 m. The branch is
connected to the river by the two channels. This kind of
floodplain channels is called "fok" in Hungarian and such system
of floodplain lakes and channels is called fok-system. The
upstream channel is the Cimer-fok and the downstream one is the
Badta 0ld Danube (fig. 1.). Both are artificial channels dug by
local fishermen about two hundred years ago.

Several natural ditches can be found between the Bata branch and
the Danube which run parallel with the branch. These, so called,
scrolls are typical results of the former meander development
process of the Bata branch.

Natural levee can be found on the bank of the Danube which has
been created by the river through depositing sediment during
floods. This levee is about one meter higher than the average
floodplain level.

Gylrusalj is supplied with water from outside the floodplain as
well, by means of the Lajvér brook, which flows into the Béata
branch. Average discharge of the brook is 50 1/s.

The natural flora of the Gylrisalj is very rich like that of any
other natural floodplain. Willow bushes can be found at the
lowest places followed by white willow trees at higher
elevationg. Next species in the succession are black and white
poplar treeg, which are followed by oak-ash-elm forests on the
highest areas. This natural composition of the flora has been
disturbed at most places by artificial tree plantations for wood
production purposes. Nowadays great parts of the Gylrlsalj, as
well as that of the whole Gemenc, are occupied by these planted
forests.

The faunal composition of the floodplain is also very rich.
Dominant big mammals are deer and wild boar. The most wvaluable
and rare predator mammals are otter and wild cat. Foxes and
badgers can be found in high numbers. The bird-world of the
forest is also very valuable. The black stork and the white-
tailed eagle, these two very sensitive and rare species, are
still living and nestling in the Gemenc. The Bata branch and its
surroundings are inhabited by herons and water-fowls. The branch
and the fok channels are important for the fish population too,
especially during the spawning period when they move, by the help
of flood, from the river into the branch through the fcks and
gpawn on the inundated, vegetated banks of the branch.
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Fig. 1. The Gyurusalj floodplain and'its surroundings.
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2 PROBL.EM SURVEY

Environmental problems of the Gemenc are consequences of human
activities on the floodplain and changes of the river influence.

The most important human activities in the Gylirlisalj are wood
production and hunting.

Wood production resulted in cutting of natural forests and
planting of artificially developed or imported trees. These new
forests are not suitable habitats for the ecosystem any more. For
example, the black stork, who likes to nestle in ocak forests,
will never move into a forest consisting of improved poplars.
Other harmful effect of wood production is noise disturbance
caused by trucks and other machines.

An other source of problems is hunting. Since this is a very good
business, the hunted game stock (consisting of deers and wild-
boars) have been enlarged by artificial feeding. Nowadays, the
number of these animals are much higher than the natural habitat
capacity of the floodplain. Consequences of this overload are
rather harmful: the many deer eat all young trees, so the forests
can hardly renew in a natural way. Even the artificial
plantations are endangered by these animals, thus they are
defended by fences. Fences cause further problems: they hamper
the animals in their migrations and mean deadly traps for them
in case of high floods.

Besgsides human activities, changes of the river influence mean the
other main reason of the problems, although they have been
resulted by human interferences as well.

The most significant interference was the river regulation
carried out in the last and at the beginning of this century. The
great meanders were cut off (like the Bata branch) and the bed
was fixed, with the help of groynes and embankment protection,
in order to ensure navigation, and safe discharge of water,
gediment and ice. As a result of it, the water velocities
increased which resulted in the deepening of the bed. Fig. 2.
shows the trend analysis of the Danube water levels and
discharges at Mohacs, a city 20 km downstream from Gyurusalj. The
mean and minimum water levels have a strong decreasing trend with
1.5 m total decrease during the past ninety years, meanwhile the
discharges have no trend during this period. This means that
water level decreasing in this reach of the Danube has been
caused by bed erosion, indeed. This process resulted in the
gradual desiccation of the floodplain since the inundation
durations and frequencies have decreased at each elevation and
the groundwater table has alsc been lowered. Nowadays, the
Gyurtsalj, as well as the entire Gemenc, is full of dying willow
trees, furthermore several wet plants, such as the bloomy black-
berry, the water lily and the water chestnut, have disappeared,
due to the desiccation [Richnovszky, 1989].

Regulation works caused changes in the flood wave propagation
processes of the Danube as well. Flood waves are shorter, and
their propagation celerity and amplitude are higher than before.
The rate of water level change has increased. These changes have
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Fig. 2. Trend analysis of water levels and discharges of the
Danube (Keve, 1992).

negative impacts on the fish population. Sudden decrease of the
water level causes trapping of fish into small ponds where they
would easily die due to the lack of food and oxygen, or these
ponds can even dry up resulting in the total annihilation of its
fish stock. Furthermore, sudden decrease of water level would
result in the stranding and die of the immobile eggs and larvae
of fish during and after the spawning period. For example, one
of the most common fish of Hungary, the carp, can hardly
reproduce its stock in the Danube in a natural way due to the
reasons mentioned above [Pintér, 1992]. Sudden increase of the

149



water level would be detrimental, too, because the deposited eggs
can submerge into deep anoxic water being dangerocus for them.
This is the reason why strong year-classes of fish tend to result
from gradually increasing water levelg that are accompanied by
a high amplitude flood of long duration [Welcomme, 1979].
Besides regulation works, influence of the river on the Gemenc
floodplain have been altered by the wood producticn activities,
too, because the forestry company has had the beds of the fok
channels filled at many places in order to provide cross roads
for the trucks. These cross dams close the way of the flooding
water and thus contribute to the desiccation problem of the
floodplain. In the GyUrlGsalj floodplain, the Cimer-fok is closed
partly at two places with such cross dams.
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3 THE PRINCIPLES OF RESTORATION OF THE GYURUSALJ FLOODPLAIN

Solution of environmental problems caused by human activities
require first of all appropriate administrative measures. The
nature protection authority should order the wood production
company to introduce nature friendly forest management where the
reforestation will be done by original trees, the present final
cutting method will be replaced by the nature friendly cutting
out method and the planted trees will not be surrounded by
fences. Simultaneously, the hunting association should be forced
to decrease the over-gized animal stock to the natural level by
shooting out the excess. Finally, the nature protection authority
should appoint the most valuable parts as strictly protected
areas where any kind of human activities, even the accegs, would
be forbidden. Protective buffer zones should be appointed around
the strictly protected areas where only restricted human
activities will be allowed.

Restoration of ecologically favourable river influence on the
Gylirtisalj floodplain is a more complex task. The emphasize should
be laid on enhancement and control of the river influence. For
enhancement, the cross dams o©of the fok channels should be
demolished and their beds should be lowered in order to let the
water flowing into the floodplain in cases of smaller floods as
well. Controlling the river influence can be implemented through
strategic decisions 1like changing the sizes of the existing
channels or building new channels, weirs or sluices with
appropriate sizes. In case of sluices the water regime in the
floodplain can be controlled operationally as well. With the help
of such infrastructure, the desiccation problem can be solved by
storing the flcod waters in the floodplain for a certain time.
Furthermcore, the flashy river regime can be transformed into slow
water level fluctuations being more favourable for the fish
pepulation.

The rest of this report concentrates only on the restoration of

ecologically favourable river influence on the basis of the
principles described above.
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4 HYDROLOGICAL SIMULATION OF THE RESTORATION ALTERNATIVES

The different planned infrastructures and their operation build
up several discrete restoration alternatives. Evaluation of the
consequences of these alternatives on the water regime can be
done with the help of a simulation model developed by the author.
This model has been named FOK in order to refer to the Hungarian
name of floodplain water systems. FOK is a one dimensional
unsteady surface-water flow model based on the cell-type
floodplain model of Cunge [1975]. It simulates the water regime
of a floodplain water system. The schematized water system
consists of lakes linked to each other, and tc the river, by
weirs, sluices, or channels. Outputs of the model are water level
time series for lakes and discharge time series for links.
Strategic decisions of floodplain restoration are incorporated
into the model by means of:

- layout of the water system: the way how to interconnect the

lakes and the river by the links,

- channel sizes and channel bed elevations,

- gluice and weir sizes, and their crest elevations.
Operational decisions are daily sluice openings, which should be
given for every simulation day during the running of the program
Initial data of the gimulation model are lake levels at t=0.
Boundary data are daily river levels during the considered
simulation period.

More detailed description of the model can be found in Appendix
I..

4.1 Calibration of the simulation model FOK

Calibration means adjustment of the model in such a way that its
outputs become similar to the measured real wvalues of the
reference period.

The reference period is 15th July - 15th August 1993 during which
topographical surveying of the channels as well as discharge
measurements in the channels were done. Topographical data mean
the basis for deriving geometrical parameters of channels.
Discharge measurements mean basis for the «calibration.
Unfortunately, only two discharge measurements were done and
water levels in the Bita branch were not recorded at all, thus
the accuracy of the calibration should be classified as weak.
Parameters of the Bata branch, namely elevation - water surface
area data pairs were derived from a 1:10000 map through tracing
the contour lines with a digital planimeter, since detailed
topographical data from the surroundings of the lake were not
available.

First step of the calibration is the schematization, which means
setting up the layout of the system.

The Gylrlsalj water system consist of one lake {(the Bata branch)
which is connected to the river by two links (the fok channels),
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The lake has a third link, too, which is in fact the inlet of the
Lajvér brook. Now, the task is to determine the types of the
links. It is obviocus that the Bata 0ld Danube is a channel type
link, since its bed is rather prismatic with a more or less
horizontal bottom. The Cimer-fok is quite an other case. Its bed
contains two cross dams, a bigger and a smaller one, which put
the question whether it is really a channel type link or rather
a weir type one. According to on-field observations, the weir
type version approaches better the reality, because most of the
energy losses of the flow were concentrated to the section of the
bigger cross dam during the entire observation period, while
energy 1losses in the slowly flowing channels upstream and
downstream from this weir were not that significant. Furthermore,
the flow over the weir was always free, so the water levels in
the Bata branch did not effect the flow in the Cimer-fok, which
also supports the concept of weir type flow.

The distance between the mouths of the two foks are 6 km on the
Danube and so the differences between water levels of these two
gectiong of the river are significant (about 38 c¢m). Thus, these
two sections should be represented by two different boundary
lakes in the model.

Determination of the type of the third link, the inlet of the
Lajvér brook, needs different approach. The previoug 1links
connect the lake to the river where the boundary conditions are
water levels, while this third link connects the lake to a brock
where discharges represent the boundary conditions. Since the
model takes into consideration only water levels as boundary
data, the discharges should be transformed into water levels and
an appropriate link type with appropriate sizes should be chosen
which reproduce the original discharges. This means that, the
type of the link should be weir with high c¢rest elevation,
because this is the case when the discharge depends only on the
boundary water levels and the lake levels don‘t have any effect
on them,

The next step of the calibration is the adjustment of parameters.
Since geometrical and topographical data are given by field
measurements and maps, the adjustment subjects first of all the
roughness coefficient of the Bata 01ld Danube channel and the
discharge coefficient of the natural weir in the Cimer-fok.
Although, it turned out that adjustment of the geometrical data,
especially that of the insufficiently surveyed Bata Old Danube,
is also needed in order to reproduce the measured discharges.

Fig. 3. shows the schematized water system of the Gyurisalj
floodplain, as it is required by the model.

Fig. 4. shows the simulated discharges of the two fok channels
resulted by the calibrated model. It can be seen, that the
calculated discharge of the Bidta 0ld Danube on the day of
24.,07.93 and that of the Cimer-fok on 26.07.93, are almost
identical to the measured values, which were Qg = 11.9m*°/s in the
BAta 01d Danube and Q. = 1.89m'/s in the Cimer-fok. Input files
of the model programme with the calibrated parameters can be
found in Appendix II..

Simulated water levels of the Bata branch together with the
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Lajvér brook

ﬂ | | boundary lakes in the model

Fig. 3. The schematized water system of the Gyurtsalj.
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Fig. 4. Simulated discharges of the present situation.

Danube water levels can be seen on fig. 5.. This results reflect
the reality as well, since the water levels of the branch follow
closely that of the Danube at the mouth of the Bata 0ld Danube.
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Fig. 5. Simulated water levels of the B&ta branch in the
present situation.

4.2 The proposed alternatives and their model layouts

Four basic water regime restoration alternatives have been
proposed based on different infrastructural design. During the
formulation of them the following two objectives have been taken
into account: improving the water supply of the Bata branch
(emhancement) and making the water regime of the branch
controllable.

In case of those alternatives where sluices are built into the
gystem, operation policies should be defined which divide these
basic alternatives into several sub-alternatives.

Each alternative have been simulated for the reference period by
the FOK model. Outputs o©f the simulaticons can be found in
Appendix II..

4.2.1 Alternative 1l.: the ’‘Side Channel’

Thig restoration alternative consists of the most easily
executable measures for improving the water supply of the
Gylurlsalj floodplain. These measures are concentrated on the
improvement of the flow conditions in the Cimer-fok in order to
enhance the water supply and exchange of the B&ta branch. For
this purpose the two cross dams should be demolished, the tree
trunks, deposited by former floods, should be taken cut of the
bed, and the bottom of the upstream reach of the channel sghould
be lowered by one meter in order to let the water flow in, in
case of lower floods. This increased discharge capacity of the
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Cimer-fok makes the system similar to a side channel since most
of the inflow takes place in this fok-channel while most of the
outflow takes place in the Biata 0ld Danube during a flood period
(see also fig 1. in Appendix II.}.

These measures require changes in the parameters of the model.
First of all, the type of the Cimer-fok has to be changed from
welr to channel, because of the demolished cross dams (fig. 6.).
Geometrical parameters of this channel can be derived from the
cross-sections and long-section figures of the fok which were
made after the field surveying data. Of course, the sections
should contain the proposed changes such as the bottom lowering
and the cross dam demolishment. The roughness coefficient of such
a channel is equal with that of an earth channel in very bad
condition, where the bed is curving, the cross sections are
irregular and dense vegetation c¢over the entire bed. The
coefficient of such a channel is k=25 m!/?/s [Haszpra, 1987].

Lajvér brook
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==  weirs in the model
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Fig. 6. The schematized water system of Alternative 1..

4.2.2 Alternative 2.: the 'Polder’

The emphasis is on storing flood waters and controlling water
level fluctuations in the Bita branch. For this purpose, a sluice
is proposed to be placed into the Bata 0ld Danube.

In this case, the Cimer-fok can remain untouched, since its cross
dame would help storing the water in the lake.

Such a system is gimilar to a polder where the water regime can
highly be controlled by short term operational decisicns (sluice
operation).

The best location of the sgluices is about 1.5 km from the mouth
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of the Badta 0ld Danube, where the channel crosses an old railway
dike. The sluice would be built into the opening of this dike.
The schematized layout of thisg alternative consists of two weirs,
one channel, one sluice and two lakes (fig. 7.). The reason why

| | boundary lakes in the model

== weirs in the model

A  sluice in the model

Lajvér brook

q

Bata Old Danube

o
”,
%

Fig. 7. The schematized water system of Alternative 2..

the water system should be represented by two lakes is, that a
gignificant part of the capacity of the Bata branch (about one-
tenth of it) will be found between the Danube and the sluice due
to the proposed position of the structure.

The FOK model enables the user to put sliding gate type sluice
into the layout of the water system. Geometrical parameters of
such a sluice should be given by the user. In this case, the
following parameters have been used:

- crest elevation : 170 m above datum

- width : 3 m.

The weir flow discharge coefficient should be 1.5, since it is
an artificial structure.

Application o©f sluices, enables water engineers to make
operational decisions too. Operational decisions should be based
on well defined sluice management policies. In this case of
restoration, the policies are based on the following principles:

- Open the gate completely, when the water levels are rising
in the river, in order to let the clean oxygen rich flood
water, together with nutrients, fish and other living
organisms, flow into the floodplain water system.

- Close the gate after the flood peak for a certain time and
then open it gradually, so as to store the flood water and
to reduce the rate of fall of water level for the benefit
of the desiccating plants and fish respectively. It is
important to release the water after a certain time,
otherwise the water system of the floodplain would become
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a network of stagnant lakes being much less beneficial for
the ecosystem than floodplains exposed to inundation
processes.

Don’t let the water level dropping under a predefined
elevation (by closing the gate}) in order to counteract the
desiccation process in the area.

According to these principles, four policies have been set up for
operating the sluice in the B&ata 0ld Danube:

Policy 1.:

if Hy, <« 200 cm above datum, then keep the water level of
the Bata branch at 200 cm (Hy, is the water level in the
Danube at the mouth of the Bata 0ld Danube),

if H, > Hy then open the gate of the sluice completely (Hg
is the water level in the Bata branch),

close the gate completely on the day of the flood peak and
keep it closed for two days,

open the gate to 30 cm on the second day after the peak,
open it to 60 cm on the fourth day after the peak,

open it to 1 m on the sixth day after the peak,

open it completely on the eighth day after the flood peak.

Policy 2.:

if H, < 250 cm then keep the water level of the Bata branch
at 250 cm,

The rest is the same as that of Policy 1..

Policy 3.:

if Hy, < 200 cm then keep the water level of the Bata branch
at 200 om,

if Hy, > Hy then open the gate of the sluice completely,
close the gate completely on the day of the flood peak and
keep it closed for two days,

open the gate to 40 cm on the second day after the peak,
open it to 60 ¢m on the fifth day after the peak,

open it to 1 m on the eighth day after the peak,

open 1t completely on the eleventh day after the flood
peak.

Policy 4.:

if H, < 250 cm then keep the water level of the Bita branch
at 250 cm,

The rest is the same as that of Policy 3..

Combinations of strategic decisions and the operation decisions
give several sub-alternatives. Thus, Alternative 2., which has
been built up from the strategic decisions, can be split up into
four sub-alternatives according to the four operation policies.
These are Alternative 2/1, 2/2, 2/3, 2/4.
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4.2.3 Alternative 3.: the ’'Semi-Poclder’

This alternative is a combination of the previous two: the Cimer-
fok should be cleaned and excavated, furthermore a weir should
be built into the Bata 0ld Danube (fig. 8.). The aim is to
combine the posgitive features of these alternatives, namely the
controllable water regime and the high rate of water exchange.

This alternative ig called Semi-Polder since large amounts of
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Fig. 8. The schematized water system of Alternative 3..

water flow through the enlarged Cimer-£fok in an uncontrolled way.
This alternative can also be split up into four sub-alternatives
according to the four operation policies of the sluice in the
Bita old Danube.

4.2.4 Alternative 4.: the ‘Super Polder’

This alternative means the largest control over the water regime
because a second sluice, beside that one in the Bata 0l1d Danube,
is proposed to add to the system by building it into the Cimer-
fok (fig. 2.). Thus, all inflow and outflow of the lake are
controlled, except in case of very high floods when the entire
floodplain is inundated.

This is the alternative which i1s able to satisfy the broadest
variety of restoration objective requirements due to its full
water control ability.

Operation policies derived for this double sluice system are
based on the same principles as that of Alternative 2. and 3..
Four policies have been established which are the following:
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Fig. 9. The schematized water system of Alternative 4..

Policy 5.:
sluice 1. (sluice in the Bata 0ld Danube):
- if H, < 200 cm above datum, then keep the water level of the
Bata branch at 200 cm,
- if H, > H; then open the gate of the sluice completely,
- close the gate completely on the day of the flood peak and
keep it closed for four days,
- open the gate to 30 com on the fourth day after the peak,
- open it to 60 cm on the sixth day after the peak,
- open it to 1 m on the eighth day after the peak,
- open it completely on the tenth day after the flood peak.
sluice 2. (sluice in the Cimer-fok):
- if H, > Hy then open the gate of the sluice completely,
- close the gate on the day of the flood peak and keep it
closed for two days, then open it completely.

Policy 6.:
sluice 1.:
- if Hy <« 250 ¢m then keep the water level of the Bata branch
at 250 cm,
The rest is the same as that of Policy 5..
Policy 7.:
sluice 1.:
- if Hy « 200 cm then keep the water level of the Bata branch
at 200 cm,

- if H, > Hy then open the gate of the sluice completely,

- close the gate completely on the day of the flood peak and
keep it closed for four days,

- open the gate to 40 c¢m on the fourth day after the peak,

- open it to 60 cm on the seventh day after the peak,
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- open it to 1 m on the tenth day after the peak,
- open it completely on the thirteenth day after the flood
peak.
sluice 2. (sluice in the Cimer-fok):
- if H, > Hy then open the gate of the sluice completely,
- close the gate on the day of the flood peak and keep it
closed for two days, then open it completely.

Policy 8.:
gsluice 1.:
- if H, <« 250 cm then keep the water level of the Bata branch

at 250 com,
The rest is the same as that of Policy 7..

Of course, these policies divide Alternative 4. into four sub-
alternatives which are numbered as 4/5, 4/6, 4/7 and 4/8.
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5 EVATLUATION OF THE ATTERNATIVES

The alternatives have been evaluated on the basis of their
hydrological behaviour since this is the dominant abiotic factor
of floodplain ecosystems.

A proper evaluation would need simulated hydrological statistical
data from each alternative, being long enough for deriving
meaningful statistical variables. Unfortunately, such long data
geries were not available because the simulations and the
statistical evaluation of the simulated data series, which should
be at least 10 years long daily data, would have been extremely
great work needing much more time and base data, and better
software facilities which were not available at the time of the
research.

Instead, statistical informaticon calculated from the simulated
hydrological data of the reference period (July 15. - August 15.
1993) and supplemented with known statistical information on the
regime of the Danube, have been generalized, by using
assumptions, in order to derive information on the water regime
of the Bata branch. Statistical information on the Danube have
been derived from the results of the statistical analysis of
Danube water levels made by Keve [1992].

The alternatives were evaluated according to four criteria:

- Water exchange between the Bata branch and the Danube.

- Reproduction conditions of fish in the Bata branch.

- Humidity status of the Gylirisalj flocodplain.

- Investment and maintenance costs.
The evaluations and their results are described in the following
sections.

5.1 Water exchange between the Bata branch and the Danube

Intensive and continuous water exchange is beneficial for the
ecosystem of the floodplain, as well as for that of the entire
river system, because it does not allow the lake water to become
anaerobe and eutrophicated, and it ensures the migration of
nutrients, organisms and fish in and out of the floodplain which
is essential for a well functioning river ecosystem.

The rate of water exchange has been estimated from the following
two variables:

- Average duration of the Danube water levels above the
elevation of the inflow threshold.
This gives the annual average number of days during which
inflow into the lake could occur. In case of the Present
Situation and Alternative 1., this threshold is 177 cm
above datum. This is the average lake level when the Danube
is lower than the bottom level of the Bata 01d Danube (160
cm) . At this level the amount of water flowing out through
the Bata 0ld Danube is equal to the average inflow of the
Lajvér brook plus the average precipitation excess. In case
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of Alternative 2., 3., 4. the operation policies, applied
for the sgluice in the BAta 0ld Danube, determine the
threshold elevations. Consequently, two threshold levels
should be taken into consideration: 200 cm and 250 cm.

As it can be seen, the Cimer-fok does not have any
influence on the thresholds since its bottom elevation is
far above the elevations mentioned above, irrespective of
the alternative.

Tab. 1. shows the average annual durations of the Danube
levels above these elevations.

alternatives inflow threshold yearly average duration relative
{cm above datum.) (days) duration

Present Situation, Alt. 1.

Alt. 2/1, 2/3, 3/1, 3/3, 4/5,
417

Alt, 272, 2/4, 312, 3/4, 4/6,
4/8

Tab. 1. Durations of the Danube water levels above the
thresholds.

- Total amount of water flown into the Bata branch during
that part of the reference period when the water levels are
higher than the highest threshold elevation (250 cm) at
each alternative.

Since the water levels at the beginning (17.7.93) and at
the end (11.8.93) of this period are almost the same in
case of each alternative (about 250 c¢m; see water level
graphs in Appendix II.), and by presuming that the inflow
water get mixed immediately with the water of the Bata
branch, we can cenclude that the total inflow volume during
this period indicates well the rate of water exchange in
case of each alternative during this part of the reference
period.

The total 1inflow volume has been calculated by the
approximative integration of the output discharge graphs of
the alternatives. These graphs can be found in Appendix
IT..

Agssumption 1l.: The proportions of the total inflow volumes during
the sub-period, weighted by the relative durations of Danube
levels above the inflow thresholds indicate well the rate of
water exchanges of the alternatives on long term.

Tab. 3. presents the results of the evaluation of the
alternatives on the basgis of this criterion. The criterion
achievements are derived from the weighted relative inflows by
using the classifications of tab. 2..
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weighted relative inflow class criterion achievement
< 0.60 0 (bad)
0.60 - 0.80 1 (medium)
0.80 - 1.00 2 (good)
> 1.00 3 (excellent)

Tab. 2.

Criterion achievement classes for water exchange.

relative inflow

alternatives total amount of inflow

relative inflow weighted

criterion

during
17.7.-11.8.93

by the relative Danube
water level duration
above the threshold

achievement

(m’d/s)

Present
Situation

1

Tab. 3.

Evaluation accerding to the water exchange criterion.

5.2 Reproduction conditiong of figh in the Bata branch

In general,

the reproductions rate of the fish stock of a

floodplain lake is determined by two water regime factors:

- height of inundations during the spawning season;
the greater the inundated areas
covered by terrestrial vegetation,

higher the inundation,

spawning places,

the

which are excellent

- rate of fall of the water Jlevels during the spawning
season; the higher the rate of fall, the greater the fish-

egg and larvae mortality.
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When comparing the reproduction conditions in the Bata branch in
cagse of the different alternatives, the first factor can be
neglected, because the peaks of the floods in the branch are
almost the same in each cases due to the applied operation
policies which let the rising flood flowing into the lake (see
Appendix II.).

For deriving criterion values for the rate of fall of water
level, let’s consider the carp as indicator species, since this
igs one of the most common fish in Hungary. The deposited eggs of
thig fish need 3-3.5 days for hatching. After hatching the larvas
stick to the vegetation for 4-5 days more and then start their
independent life [Pintér, 1989]. Thus, the carp needs at least
one week continuous water cover on the spawning places for
successful natural reproduction. This means, that the fall of the
water level within the week after the day of spawning indicates
well the success of reproduction.

Now, let’s evaluate the reprocduction conditions in the Bata
branch during the reference period in case of each alternatives.
This flood period contains two flood peaks. Assuming, that most
of the spawning take place cn the day before the first and on the
2day of the second flood peak, when all spawning fish could reach
the spawning grounds, the success of the fish reproduction
depends on the decrease of the water level during the seven days
after these two spawning days.

Tab. 4. shows the results of the evaluations according to this
criterion. The criterion achievement classes are presented by
tab. 5., which was created by taking into account the fact that
the present situation is definitely bad for fish reproduction.

alternatives fall of the water during fall after the second sum of water criterion
the 7 days after the first spawning day (cm) level falls (cm) achievement
spawning day (cm)

Present Situation

1

211, 272

2/3,2/4

3/1, 32

313, 3/4

41, 4/6
L 4n.4s

Tab. 4. Evaluation according to the fish reproduction criterion.

Agsumption 2.: The criterion achievements of the alternatives
presented in tab. 4., indicate the achievements of fish
reproduction criterion on a long term.

165



class of sum of water level falls (cm) criterion achievement |

306.5 - 342 0 (bad)
271 - 306.5 1 (medium)
235.5-271 2 (good)
200 - 235.5 3 (excellent)

Tab. 5. Criterion achievement classes for fish reproduction
conditions.

5.3 Humidity status of the Gylirlisali floodplain

Humidity status of the floodplain depends highly on the water
levels in the Bata branch, since the branch surrounds the area
and so its water levels influence the groundwater table to a high
extent, and it can inundate great parts of the floodplain in case
of high water levels.

Thus, the humidity status on long term is highly determined by
the average water level of the branch. The average levelsg in case
of each alternative, have been estimated according to the
following procedure:

a. Calculation of the average water levels during that sub-
period of the reference period when the simulated water
levels are higher than the highest threshold elevation
(tab. 6.).

b. Calculation of the long term average water levels of the
Bata branch when the Danube is above the threshold by using
Assumption 3..

Assumption 3.: On long term, the proportion between the average
Danube level at the mouth of the BAta Old Danube and the average
water level of the B&ta branch, when the Danube water level isg
above the threshold, is equal to the respective proportion of the
considered simulation period in case of each alternative.

Average Danube levels above the thresholds are shown by tab. 7..

c. Calculation of the long term average water levels in the
Bata branch by adding the weighted average water levels of
the periods when the Danube is above the threshold to the
weighted average water levels of the periods when the
Danube is below the threshold. The weights are the
exceedence and non-exceedence probabilities of the Danube
water level at the threshold elevation. The average water
level in the branch, when the Danube is below the
threshold, is obviously equal to the threshold elevation.

d. Deriving achievement values for this criterion by using

tab. 8. which was created by taking into consideration the
fact that the present desiccated situation is bad.
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average water level (cm relative average water
above datum) level

Danube at the mouth of the
Present Situation Bita Old Danube

Bita branch

1

211

272

2/3

2/4

3/

32

313

WD e e RO e D e e

3/4

4/5

4/6

47

4/8

Tab. 6. Average water levels during the sub-period of the
reference period (17.7.-11.8.93).

alternatives inflow threshold long term averages of Danube levels
(cm above datum) above threshold {cm above damam}

Present Situation, Alt.1.

Al 271, 2/3, 311, 3/3, 4/5,
417

Alt. 2/2, 2/4, 3/2, 3/4, 4/6,
4/8

Tab. 7. Long term averages of Danube water levels above the
threshold at the mouth of the Bata 0ld Danube.

Results of evaluations of the alternatives according to the
criteria of humidity status can be seen on tab. %..
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class of relative average water levels in the Béta branch

criterion achievement

—

Tab. 8.

estimated long term
average of water
levels above the
threshold in the Béta
branch
(cm above datum)

Present
Situation

long term average of
water levels in the
Bita branch when the
Danube is lower than
the threshold
{cm above datum)

< 1.06 0 (bad)
1.06 -~ 1.11 1 (medium)
1.11-1.16 2 (good)

> 1.16 3 (excellent)

estimated long term
average water level
in the Béta branch
(cm above datum)

Criterion achievement classes for humidity
status.

criterion
achievement

relative average
water level

1

200

Tab.

5.4 Invesgtment and maintenance costs

9. Evaluation according to the humidity status criterion.

When deriving achievement values for this criterion, the Present
Situation has to be taken into consideration as the best

alternative,

gince maintaining it does not cost any money.

Consequently, this alternative gets "3" as achievement value. The
worst alternative from this point of view is Alt. 4. because this
requires the most extensive construction works, since two sluices
should be built and the Cimer-fok should be excavated, and also
the maintenance of such an infrastructure needs the most money
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and effort among the alternatives. Thus, the c¢riterion
achievement of Alternative 4. is "0".

The achievement values of the rest of the alternatives have been
derived in the following way: excavating and maintenance of the
Cimer-fok take -0.50 achievement point, while the construction,
operation and maintenance of one sluice take -1.25 achievement
points. The difference between the two values reflects the fact
that the construction, maintenance and especially the continuous
operation make a sluice much more expensive than earth excavation
in and temporal maintenance of the Cimer-fok.

Tab. 10. presents the achievements of the alternatives in case
of the criteria of investment and maintenance costs.

I criterion achievement ||

Present Sitation 3
" 1. 2.50
2/1,2/2,2/3, 2/4 1.75
3/1, 3/2, 373, 3/4 1.25
4/5, 416, 4/7, 4/8 0
- e n e e

Tab. 10. Evaluation according to the investment and maintenance
costs criterion.
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6 SELECTING THE ATLTERNATIVES ACCORDING TO PREFERENCES OF THE
DECTSTON MAKERS

Results of the evaluation can be aggregated into a Pay-off matrix
(tab. 11.). Presentation of such a table to the Decision Makers
(DM) is already a great help when they have to choose among the
alternatives according to their preferences. Although, if the
table is too big, then the DM is not able to choose only by
looking at the table. Multiple Criteria Decision Support (MCDS)
techniques are needed in such cases.

achievement values of the criteria

alternatives water exchange reproduction humidity status of investment and
between the Bita conditions of fish in the Gyiiriisalj maintenance costs
branch and the the Béta branch floodplain
Danube

Present Situation

Tab. 11. The Pay-off matrix.

One of the simplest MCDS technique is the weighted average method
[Goicoechea et al. 1982]. At this method, the preference of the
DM is represented by weights assigned to each c¢riterion. The
worth U;, for the j-th altermative, can be represented as:

Where W, the weight of the i-th criterion,

i

170



r;;: criterion achievement of j-th alternative at i-th
criterion (from the Pay-off matrix),
m : number of criteria.

The decision rule is to select the alternative with the greatest
worth, that is:

U

optimal =maxuyu;

alli -

Thus, the task of the decision makers is to set weights for each
criterion according to their preferences.

In case of the subjected floodplain restoration project, four
possible preference sets, consisting of the criterion weights,
have been set up as examples (see tab. 12.}.

preference sets and their criteria weights ||

water exchange

reproduction
conditions of fish

humidity status

COosis

Tab. 12. The preference sets.

The establishment of preference sets has been followed by the
calculation of worth of each alternative and the selection of
alternatives with the greatest worth in case of each preference
sets. These are the best alternatives according to the predefined
preferences.

Tab. 13. shows the results of this selection process.

preference sets I

the best alternative(s) the worth of the best alternative(s)

1 2/4 24.5
4/6, 4/8 23
4/6, 4/8 19

1 17

19

——r

Tab. 13. The best alternatives according to the preferences.
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7 CONCLUSTIONS AND RECOMMENDATIONS FOR FURTHER RESEARCH

7.1 Conclusions and recommendations concerning the application
of the FOK model

- Representation of a floodplain channel as a prismatic cone
is a rather rough simplification. Consequently, the channel
should be divided into reaches in the model and the flow
ghould be calculated in a more accurate step by step way
between the two lakes.

For this purpose, more geometrical data are needed from the
channel.

- Elevation - water surface data pairs of the Bata branch
should be more accurate, based on detailed topographical
surveying of the area.

- The model gchematization should be more elaborate in order
to be able to simulate those high water periocds when water
flows into the system not only through the given links but
also in other ways like river bank overflow or surface
flow.

- If the seepage in and out of the 1lake proves to be
significant, then it has to be incorporated into the model
by means of simplified seepage flow equations.

- A good model calibration requires much more measured
discharge and water level data.

- The calibrated model should be wverified, which means to
check the model whether its results are similar to the real
values 1in case of other sgimulation periods, which are
independent from that used for the calibration.

7.2 Conclugions and recommendations concerning the evaluation
of alternatives

- The simulation period must be much longer {(at least 10
years), which 1is sufficient for deriving meaningful
statistical wvariables over the sgimulated water regime.

- The number and range of alternatives and sluice operation
policies must be higher in order to be able to satisfy
broad range of preferences.

Genetic algorithms are recommended for creating new
improved alternatives and operation policies out of the
existing ones.

- More ecological criteria should be taken into
consideration, which would necessitate the application of
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species oriented ecological models.

Application of GIS provides more help during setting up and
evaluating the alternativesg.

It helps to derive input field data for the hydrological
and ecological models. Furthermore, GIS can also take part
in the data processing phase by determining the location
and area of inundated flcodplain territories. Finally, it
supportse the decision making process by presenting the
consequences of the alternatives on maps like predicted
natural vegetation structure maps.
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APPENDIX T.

FOK: A COMPUTER MODEL FOR STIMULATING THE WATER REGIME OF
FLOODPLAIN WATER SYSTEM

1. Introduction

This paper introduces a one dimensional unsteady surface-water flow
model, which is based on the cell-type floodplain model of Cunge
(1975} . This model simulates the water regime of a floodplain water
system as a function of the river regime. The schematized water
system consists of system lakes linked to each other, and to the
boundary lakes, by links such as weirs, sluices or channels.
Boundary lakes represent those sections of the river to which the
floodplain water system has been connected. The outputs of the
model are water level time series for the system lakes and
discharge, velocity, water depth time series for the links.

2. Assumptions and congtraints

There are two fundamental hypotheses on which the governing
equations are based (Cunge, 1975):

- the wvolume of water stored in a system lake 1is directly
related to the level in this lake,

- the discharge between two adjacent lakes, through the link,
is a function of their water levels only; this amounts to
disregard any forces of inertia which might act on the flow
between these two lakes.

Beside surface water flow, the model takes into consideration two
other water balance factors, the precipitation and the evaporation.
On the other hand it neglects the seepage. Finally, the model
assumes that the water flow between the river and the lake system
is so small that it dces not affect the river hydrograph.

The constraints of the model are the river, channel and lake bank
elevations. It is because, if they were overtopped than large
gquantities of water would flow out from the system to other parts
of the floodplain and the water balance of the model would not be
satigsfied any more.
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3. Governing equations

3.1 Continuity eguation for system lakes

k
dv=A,(z(t))dz=Y 0;dt+PA,dt-EAdt
i=1

Where
dv : infinite small change of the water volume in the lake
1 : surface area of the lake
water level elevation in the lake
discharge through the i. link {weir, sluice or
channel) entering the lake
the number of links entering the lake
precipitation rate
open water evaporation rate

-

MmO x ON,P

3.2 Flow equations for channelg

The water flow in a channel can be described by the dynamic de
Saint Venant equation:
1,0v,_0v, dz v?
—{=—+v=—L)+=="+ =
(Bt ax) ox (C°R

Because of the second fundamental hypotheses, the first two inertia
terms can be neglected:

dx A2(?R

This is the diffusive wave equation, where:
3z _g
ox

az+ 02

is the slope of the water surface,
This two egquation results the well known Chézy formula:

2
0=k AR 3 /B=K/5

Where
k,=1/n: Manning-Strickler coefficient
K: conveyance of the average flow cross section
S: average water surface glope in the channel

Water depth and water velocity in a channel are considered to be

identical to the mean depth and velocity of the average flow cross
gection.
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3.3 Flow equations for weirs

The model considers broad-crested weirs. The water can flow over a
weir in two ways: free overflow and submerged flow. The discharge
equation for free overflow (Cunge, 1975):

3
QE=Cwbw(zu-ZW)2

if zd—zw<—§ (z,~z,) .
For submerged flow (Cunge, 1975):

0.,=2.5907¢c,b,(z4-2,) /2,24

if zd—zwzé (z,~z,) .

Where
Z,: upstream water level
zg: downstream water level
z,: Welr crest elevation
b,: weilir width
c,: weir discharge coefficient

In case of free flow, the water depth above the weir is less than
the upstream head, due to the flow contraction:
hf=0 . 67 (Zu'ZW)

In case of submerged flow, the water depth is consgidered to be
equal to the downstream head:

hy=z4-2z,
Average water velocity at the weir 1is calculated from the
discharge, width and water depth data.

3.4 Flow equations for sgluices

The water can flow in four ways through a sliding gate type sluice:
free weir flow, submerged weir flow, free orifice flow, submerged
orifice flow.

If gate openinglop) > 0.67(z,-z,) then the flow is of weir type
(Ankum, 1991), and the flow parameters can be calculated in the
ways described above. If op < 0.67(z,-z,) then the flow 1is of
orifice type.

The discharge equation for orifice flow is the following (Boiten,

1592) :
O=c opb,/2g(z,z,)
Where

c,: orifice discharge coefficient
op: gate opening
b,: width of the weir of the sluice.

w -
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If 24 %w y.305[|26.187 24 %¥_15-1], then the flow is free and the
o op

discharge coefficient (for sharp edged sliding gate) {Boiten,
1992):
0.61

\11+0,51i

Z,~Z,

Co™

else, the flow is submerged and the coefficient is derived from the
following graph:

computed
st mecasyred
0.6
144 P - 3
0.5 / 4

7
I

p.
L
o
f]
.
.

0.1 5
2 5 7 vhe ol Z;Z,
) 2 . . 8 og.g7 4 16 8 0
0

Fig. 1. Graph for deriving submerged orifice discharge coefficients
(Boiten, 1992).

Water depth in case of orifice flow is considered to be equal to
the gate opening, since this is the bottle neck of the flow.
Orifice water velocity is considered to be identical to the average
velocity of the contracted flow cross section right behind the
ocpening. This is the section where the highest velocities occur due
to the contraction. Thus:
o
V=0.610pD,

Where 0.6lop is the contracted flow depth.
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4., Numerical formulation

Let’s integrate the continuity equation from t; to t,,;:

n+

nfn 9z 4= fl[z (0; --—)+P Eldt

Analytical integration of the left hand side:
tnﬂ.
dz 4, _
f&dt z(t

- 1
ne1) —Z{E,) =z -z2

Numerical integration of the right hand side, by taking into
congideration that t,,,-t, is small enough and using long term
average precipitation and evaporation data:

th g

k
[ 13 (0,4 ) +p-E] dtztz [0, (27, 2} )—+Ql-(2”*1,2?+1) 1

g, i1 A; = A {z7) A, (z™1)
+{P-E)]At

In cagse of channel:

|z-2z;|

Q;=K(z,2z;) 7

sign(z;-z)

1

Where:

'_l

the length of the i. link (if it is a channel)
the level of the lake which is connected to the subjected
system lake by the i. link. {This can be a boundary lake
too.)
sign(z;-z)=(2,-2)/ 2;-z : this term gives the right direction
of discharge in the channel.
In case of weir or sluice, see discharge equations for them: z =z;
and z =z if the water flows into the lake, z,=z and z,=z; if the
water flows out of the lake. (In this last case, Q; should be taken
as a negative number.)

Thus, the integrated continuity equation for a system lake is:

x
D+l 1 1 n 1 Za*L H+1 1 _

z z+Z:2[Q(z,4) ﬂz)+Q( zj )Aﬂzmﬂ]At+uhmAt
Similar egquations can be set up for each system lakes. The solution
of such an equation system is done by iteration. We use iteration
because the equation system is not of linear type and so, we cannot
apply linear solution algorithms. The steps of the iteration are
the followings:

1. let z™'=z® on the right side of the equation system
2. gsolve the equation system which results: 2®?!, on the left
side
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3. if |zt -z"*1|<efor each system lake, or the number of

iteration steps has reached the predefined limit, then the
iteration is stopped (e is the predefined allowable error
of the iteration),

else z™' = z™', on the right sides and go back to point
2..

5. Small depth problem of channels

Let’s assume that z > z;. Then the absclute channel discharge is:

Z_Zi

0;=K{(z,2;) 1 =0 (z,z,)\/z-z;

_K(z,z;) K(az+(i-a)z,

V1: V1
is the conveyance of the channel. Initially, alpha is set to 0.5,
as we assume that the water level of the average flow cross section
is equal to the average of the levels of the two adjacent lakes.
Now, let’'s consider that z is constant while z; is decreasing. In
this case the discharge should not be descreasing. This means the
following (Cunge, 1975):

aQi =ﬂ [z— i_LSO

0z; 0z, 2/Z7-2;

The derivative on the left side can be expressed analytically, and
gso, this condition can be checked at each calculation step. If the
condition has not been =satisfied, then the model increases the
alpha value gradually, until the condition becomes satisfied. This
modification of alpha corresponds to the suppression of downstream
influence (Cunge, 1975}.

)=¢(az+(1—a}zﬂ

Where bz, z;)

6. Initial and boundary conditions

Initial conditions are water levels in the system lakes at t=0.
Boundary conditions are precipitation rates, open water evaporation
rates and water levels in the boundary lakes during the considered
simulation period. In case of sluices, daily gate openings
represent additional boundary conditions.
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7. Parameterg of the model

The most important parameter is the time step Dt. If we consider
too high time step, then the iteration would not converge. On the
other hand, i1f Dt is too small then the calculation time becomes
very long or even the memory capacities would be overtopped.

This model is suitable for simulating any kind of floodplain lake
system. Consequently, it is our task to determine the layout of the
subjected system. Layout means the way, how the lakes are
interconnected by the links. Later on, we will discuss the exact
way of defining the layout.

Furthermore, we have to give the parameters of the system lakes and
the links. For the system lakes, morphological, elevation - surface
area data pairs have to be given. It is convenient, to have 25 c¢m
difference between two adjacent elevation data. The last pair means
the bank of the system lake, above which the floodplain is going to
be inundated. The channels are supposed to be prismatic and
trapezoidal. Channel parameters are the geometrical data and the
Manning-Strickler smoothness coefficients. It is important to
realize, especially in case of wide and deep channels, that the
water is stored in the channels as well. Consequently, we have to
incorporate the channel beds into the morphological curves of the
adjacent system lakes.

Weir and sluice parameters are crest elevations, widths and weir
flow discharge coefficients.

Finally, we have to give the bank elevations of the boundary lakes,
which are in fact river bank elevations.

8. Calibration of the model

Calibration means the adjustment of parameters in order to get
similar results, under similar conditions, as in the reality. The
adjustment starts during the setting up of the layout of the
subjected system, when we have to define the type of the links. For
example, it is not always the case that a non-structural connection
is of channel type. For instance, if there is a small crest across
the bed of a short channel then this link is rather of weir type
then of channel type. The parameters of such a weir (crest
elevation, width, discharge coefficient) are initiated by field
measurements and adjusted through the calibration. In case of a
real channel type link, the adjustment of the geometrical data
{length, bottom elevation, average cross section) should be done on
the basis of field measurements or maps. During calibration, the
smoothness coefficients are adjusted first of all.
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9. Descripticons of the program

The model program has been written in FORTRAN 77 and it is stored
in the FOR10.FOR file. The file contains the main program and four
subroutines.

9.1 Input data files

The input data files are: BOUNDARY.DAT, STRUCT.DAT, CHANNELS,DAT,
LAKES.DAT.

The BOUNDARY.DAT file contains the boundary and initial data for
the model. The first twelve rows contain the monthly average
precipitation excess (precipitation - open water evaporation)
values in cm starting with January and ending with December. If the
overland flow into the lakes, resulted by precipitation, is
significant, then it should be taken into consideration by means of
an increased precipitation excess value.

The 13th row shows the initial water levels of the system lakes in
cm above datum, starting with the level of the first lake. The
first number of the 1l4th row shows on which day of the vyear the
simulation starts. The second number is an integer indicating the
number of the following daily boundary water level data. This must
not be higher than 60, in order to avoid memory overtopping. Thus,
if we are dealing with a long time series then it should be divided
into smaller ones and run them separately. The initial conditions
of each running are the final lake levels of the previous running.
The third number in the 14th row is the number of boundary lakes
incorporated into the system.

The rest of the rows of the BOUNDARY.DAT file containg the daily
water levels of of the boundary lakes in cm above the datum. The
first column contains the water level time series of the first
boundary lake while the second column contains that of the second
one etc.. Note again, that more than one boundary lake can belong
to the same river. Accordingly, we are able to model the situation
where the lake system is connected to one river at many peints
being far away from each other, and so, having considerably
different river level time series.

The STRUCT.DAT file contains the weir and sluice (structures)
parameters in the following way:

(1. row: sluice 1.) 1020.00 1.50 0.80

(2, row: sluice 2.)

{m. row: sluice m.) . (m: number of sluices)
(m+l. row: weir 1.) 1030.00 1.50 1.20

Where {see sgluice 1.)}:
1020.00 : crest elevation of the structure above datum (cm)
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1.50 : welr discharge coefficient (for weir type flow in
case of sluice)
0.80 : width (m)

Remark: in case of wide sluices or wide artificial broad-crested
weirs (b, » 0.5m), the discharge coefficient is always 1.50 (Ankum,
1991) .

The LAKES.DAT file contains the morphological information on the
lakes as it can be seen on the example below:

bank elevation of the first boundary
lake

bank elevation of the second boundary

/ lake

{1. row) 1260.0 1270.0
(2. Tow) 16 ~= = Num. of the data pairs.
{3. row) 900.00 100000.00

525.00 105000.00

550.00 110000.00

. . — Elevation (cm) and water
surface (m2) pairs.

P>‘first system lake

{18. row) 1275.00 300000.00 {L
16
900.00 100000.00 “\b

. . second system lake

-

The CHANNELS.DAT contains the parameters of the channels (see also
fig. 2.):

1.
26.
2.

28.

row {channel 1.):
40 100.00 1000.00 1030.00 990.00 1000.00 2.60 1.00 0.50
row {(channel 2.):
40 150.00 1000.00 1020.00 1020.00 9%90.00 2,60 1.00 1.00

Where (see channel 1.):

26.40 : k,, Manning-Strickler smoothness coef.

100.00 : length (m)

1000.00 : average bottom elevation above datum (cm)

1030.00 : maximum bottom elevation {(cm), which determines
the threshold for the channel flow,

990.00 : bottom elevation at the beginning of the
channel (cm)

1000.00 : bottom elevation at the end of the channel {cm)

2.60 : max. depth (m)
1.00 : bottom width (m)
0.50 : bank slope (ctg of the horizontal slope angle)
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channel 1.:

1030.0

1000.06
990.00

AN

chammel 2.:

1020.00
1000.00

47 390.00

Fig. 2. Examples for deriving channel bottom elevations

9.2 Output data files

The results of the program are stored in the following files:
LLEV.QOTP, VELOCT.OTP, DISCH.OTP, DEPTH.OTP. The results are given
at every 24th hour in order to avoid long output file. Thus, the
time step of the output file is one day and isn’t identical to the
time step of the calculation! The first column of each files
contains the water 1levels of the first river for comparison
purposes.

LLEV.OTP contains the resulted daily lake levels. The first column
shows the water levels in the first boundary lake and the rest of
the columns contain the simulated water levels of the system lakes
starting with the levels of the first lake in the second column.
DISCH.OTP: this file contains the discharge time series of each
link in the following way:

1. column: water levels in the first boundary 1lake (for
comparison) .

2. column: discharges through sluice 1.

1+m. column: discharges through sluice m. (m: numbexr of sluices)
1+m+1l. column: discharges through weir 1.

l+m+n. column: discharges through weir n. (n: number of weirs)
l+m+n+l. column: discharges in channel 1,

1+m+n+l. column: discharges in channel 1. {1: number of channels)
VELOCT.OTF, DEPTH.OTP files contain the mean velocities and depths
in the links. The structure of these files is the same as that of
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DISCH.OTP.

9.3 Running of the program

First, the program asks for the time step. After it the layout of
the lake system should be entered. For this purpose, one have to
relate numbers to the lakes, sluices, weirs and channels like in
figure 3.

: boundary lake

: system lake

: sluice

: ir
wel !H !E
: channel

OO0

©

e III .

Fig. 3. Example for the layout of a floodplain lake system

The program first asks for the number of sluices, weirs and
channels of the subjected system. Then, for each link, the identity
numbers of the adjacent two lakes have to be given. Lake number 1.
to number 10 should allways be boundary lakes. Lake num. 11. to
num. 20. are the system lakes, where lake 11. is the first system
lake, lake 12. is the sgecond one etc.. If the system dces not
contain sluices {or weirs or channels) then 0 must be typed in,
when the program asks for the number.

This is the way how the system layout should be determined. The
sequence how you enter a lake pair determines the positive flow
direction in that link. Let’s consider the example on fig. 3.: if
you enter first 1 and then 11 when the program asks the place of
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sluice 1., then the positive flow direction in this link will be
from the first boundary lake (first river) to lake 11.. Note, that
this sequence also determines the beginning and the end of a
channel. In our example, if you enter first 11 and then 13 when the
program asks for the place of channel 2., then the beginning of the
channel is at lake 11. and the end of it is at lake 13..

After it, the program starts the calculations which would take a
considerable long time in case of long input time series. If the
gystem contains at least one sluice, then the program stops at the
beginning of every day of the simulation period and asks for new
gate openings which should be given in meters. This is the way how
on-line operation of sluices can be incorporated into the
simulation.

The calculation stops if the water level overtops one of the river,
channel or lake banks. An error message would appear if the input
time series ig extremely long or the chosen time step is too small.
It is because the matrix capacities are not enough for such a mass
of data.

After running, one have to check the results for convergency. If
the system lake levels are oscillating at some places or having
impossible values then the convergency has not been achieved. If
these errors are too high, then the program should be run with a
shorter time step.

The lake level data as well as the channel flow data can best be
observed on graphs which can be created by the LOTUS software.
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APPENDIX TT.

INPUT FITLES AND RESULTS OF THE ATLTERNATIVES

1. Input files for modelling the Present Situation

BOUNDARY .DAT:

0.0

0.0

0.0

0.0

0.0

0.0

-10.0

-8.0

0.0

0.0

0.0

0.0
153.
185 33 3
190.2 153. 1013.6
215.2 178. 1013.6
261. 223, 1013.6
304. 266. 1013.6
319. 281. 1013.6
349, 311. 1021.5
386. 348. 1013.6
431. 393. 1013.6
460. 422, 1063.0
494, 456 . 1013.6
543. 505. 1013.6
573. 535. 1013.6
575.2 538. 1013.¢6
546.2 5009. 1013.6
506.4 470, 1013.6
475.4 439, 1013.6
463.4 427. 1013.¢6
462.2 425, 1013.6
497. 459. 1013.6
537. 499. 1013.6
541.2 504. 1013.6
521.2 484. 1013.6
482.4 446, 1013.6
430.4 394. 1013.6
379.4 343. 1013.6
332.4 296. 1013.6
315.4 279. 1013.6
308.2 271. 1013.6
298.2 261. 1013.6
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283.2 24s6. 1013.
267.2 230. 1013.
253.2 21s6. 1013.
252.2 215. 1013,

[ I )]

CHANNELS .DAT:
30.00 2510.0 160. 160. 160. 160. 5.00 3.50 3.40

STRUCT .DAT:
1000.0 1.0 1.0
482.0 0.7 3.0

LAKES.DAT:

628.0 628.0 1500.0

11
154.
204.
254,
304.
354.
404.
454 .
504.
554,
604.
654,

50000.0

100000.0
278000.0
418000.0
627000.0
1131000.
1546000,
2268000.
3819000.
5611000.
9020000.

OO0 O0OO0OO0OO0O0OO0O

CSCOOCOO0

2. Input files and resgults of Alternative 1.

CHANNELS .DAT:
25.00 1684.3 369.0 2374.0 369.0 369.0 5.00 5.00 1.55
30.00 2510.0 160. 160. 160. 160. 5.00 3.50 3.40

STRUCT.DAT:
i000.0 1.0 1.0

BOUNDARY .DAT and LAKES.DAT are the same as that of the Present
Situaticn.
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discharge (m3/s)

water level (m)
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Fig. 1. Simulated discharges of Alternative 1..
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Fig. 2., Simulated water levels of Alternative 1..
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3. Input files and results of Alternative 2,

CHANNELS ,DAT:

30.00 15%0.0 160. 160. 160. 1560, 5.00 3.50 3.20
STRUCT.DAT:
170.0 1.5 3.0
1000.0 1.0 1.0
482.0 0.7 3.0
LAKES.DAT:

628.0 628.0 1500.0

12
104.0 20000.0
154.0 49500.0
204.0 99000.0
254 .0 275000.0
304.0 355000.0
354.0 ©574000.0
404.0 1015500.0
454.0 1313500.0
504.0 1935500.0
554.0 3031500.0
604.0 4586000.0
654.0 7670000.0

12
104.0 200.0
154.0 500.0
204.0 1000.0
254.0 3000.0
304.0 23000.0
354.0 53000.0
404.0 115500.0
454 .0 232500.0
504.0 332500.0
554.0 787500.0
604.0 1025000.0
654.0 1350000.0

The BOUNDARY.DAT file is the same as that of the Present
Situation, except that the initial lake level of the Bata branch
(lake 11.) is equal to the predefined minimum (200 or 250 cm) and
the level of the small lake {lake 12.) is 153 cm.

Fig. 3. shows the simulated water levels of Alt. 2/1, when the
chosen time step was 6 min. The results at the end of the period
are quite unrealistic since the water levels in the small lake
are considerably higher than that of the Danube and the Bata
branch, which is impossible. The reason is that the iterations
have not converged because this time step is too long for
gsimulating a system with such a small lake and such high
discharges. Thus, the simulation has been repeated with a shorter
time step (dt = 1.8 min). The results of this simulation are
satisfactory from the point of view of convergence (fig. 4., fig.
5.). This time step have been used for simulations of the other
sub-alternatives, too.
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3. Wrong water level simulation of Alternative 2/1.
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Fig. 4. Simulated discharges of Alternative 2/1.

191




| 800

water fevel (m)

150

550

500 -

450

400 +—

350

300

250 |-

200 -

Fig. 5.

Y
n

1‘51L1‘71|a1'92\Dz'qsz'saLz‘szLeﬁztszbaLaH1 3 i P) 4 & _l g 41\:4'41‘24]3"'44L
cdays in July and August

a Danupe at Cimer Tok + Bata branch < the small lake

Simulated water levels of Alternative 2/1.
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Simulated discharges of Altermative 2/2.
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8. Simulated discharges of Alternative 2/3.
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Fig. 9. Simulated water levels of Alternative 2/3.
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Fig. 10. Simulated discharges of Alternative 2/4.
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Fig. 11. Simulated water levels of Alternative 2/4.

4. Input files and results of Alternative 3.

CHANNELS . DAT:
25.00 1684.3 369.0 374.0 369.0 369.0 5.00 5.00 1.55
30.00 15590.0 160. 160. 160. 160. 5.00 3.50 3.20

STRUCT .DAT:

170.0 1.5

3.0
10600.0 1.0 1.0

For the data of LAKES.DAT and BOUNDARY.DAT, see Alternative 2,
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Fig. 12. Simulated discharges of Alternative 3/1.
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Fig. 13. Simulated water levels of Alternative 3/1.
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Fig. 14. Simulated discharges of Alternative 3/2.

BCO

550 —

300 -

450 —

400

asc

water level (m)

300

250

200

150

SRR R E e N NN N R
16 8 20 2. 24 26 28 30 11 13 u
days In July and august
0O Danube at Cimer Tok + Bata branch < the small lake

Fig. 15. Simulated water levels of Alternative 3/2.
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Fig. 16. Simulated discharges of Alternative 3/3.
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Fig. 17. Simulated water levels of Alternative 3/3.
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18. Simulated discharges of Alternative 3/4.
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Fig. 19. Simulated water levels of Alternative 3/4.
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5. Input files and results of Alternative 4.

CHANNELS .DAT:

25.00 1684.3 369.0 374.0 369.0 369.0
30.00 1590.0 1e60Q. 160. 160. 160.

STRUCT .DAT:

170.0 1.5 3.0

370.0 1.5 3.0

1000.0 1.0 1.0

LAKES.DAT:

628.0 628.0 1500.0

12
104.0 20000.0
154.0 49500.0
204.0 99000.0
254.0 275000.0
304.0 395000.0
354.0 574000.0
404.0 1015500.90
454.0 1313500.0
504.0 1935500.0
554.0 3031500.0
604.0 4586000.0
654.0 7670000.0

12
104.0 200.0
154.0 500.0
204.0 1000.0
254.0 3000.0
304.0 23000.0
354.0 53000.0
404.0 115500.0
454 .0 232500.0
504.0 332500.0
554.0 787500.0
604.0 1025000.0
€54.0 1350000.0

8
304.0 0.0
354.0 3000.0
404.0 11000.0
454 .0 13000.0
504.0 15000.0
554.0 16000.0
604.0 16000.0
654.C 16000.0

The BOUNDARY.DAT file is the same as that of the Present
Situation, except that the initial lake level of the Bita branch
(lake 11.} is equal to the predefined minimum (200 or 250 cm),
furthermore the level of the small lake in the Bata ©ld Danube
(lake 12.) is 152 cm and that of the small lake in the Cimer-fok

{lake 13.) is 360 cm.
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Fig. 22. Simulated discharges of Alternative 4/6.
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Fig. 23. Simulated water levels of Alternative 4/6.
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Fig. 24. Simulated discharges of Alternative 4/7.
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Fig. 25. Simulated water levels of Alternative 4/7.
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Fig. 26. Simulated discharges of Alternative 4/8.
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Fig. 27. Simulated water levels of Alternative 4/8.
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